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1. INTRODUCTION 
THE cultivated groundnut Arachis l~ypogaea L, originated in South 
America and is now grown in 82 countries in the world and India is the largest 
producer of the crop. India, China, Nigeria, USA and Senegal account 
for four-fifths of the world's groundnut production. Groundnut was 
introduced in India in the 16th century. The area under the crop, however, 
was rather small till the beginning of the present century. being around one 
lakh hectares. It increased progressively to 6 lakh hectares by the end of 
the First World War and to 45 lakh hectares by 1950. By the end of the 
Second Five-Year Plan (1960-61), the area increased to 60 lakh hectares 
and further to 73 lakh hectares by 1975-76. Correspondingly, the produc- 
tion of groundnut increased from 2 lakh tonnes to about 34 lakh tonnes 
in 1950 and about 48 lakh tonnes by the end of the Second Five-Ycar Plan 
(Table 1.1). The production level during 1975-76 reached 73 lakh tonnes. 
The importance of the crop can be judged from thrfact that India stands 
first among groundnut-growing countries both with regard to area and 
production accounting for two-fifths of the world acreage and one-third 
of the world production. However, with regard to average yield per hectare. 
lndia stands eleventh out of the 13 major groundnut-producing countries 
of the world. Thus, the production of groundnut in lndia has not kept 
pace with the growth rate of area under the crop in this country. While 
between 1951-1972 the average yields of groundnut pods in USA rose from 
935 to 2,293 kg/ha and today even yields of over 5,500 kg/ha are not un- 
common, in India the yields have virtually remained stagnant. It was 
775 kg/ha in 1951 and 948 kg/ha in 1976 (Table 1.1). 
The cultivation of groundnut was confined to Tamil Nadu and 
Maharashtra till the beginning of this century. Today, it is cultivated in 
almost all states and the area under the crop exceeds one lakh hectares each 
in 9 states (Table 1.2). However, the major groundnut-producing states in 
India are Andhra Pradesh, Maharashtra, Karnataka, Tamil Nadu and Gujarat 
which produce nearly five-sixths of the groundnut crop in the country. 
It is also observed that out of the 5 major groundnut-producing states, 
Tamil Nadu has 18.1, Andhra Pradesh 16.0, Karnataka 9.1, Maharashtra 
2.2 and Gujarat only 1.3 per cent groundnut area under irrigation. Thus, 
there is considerable scope for increasing production of this crop by 
supplemental irrigation particularly during rabi reason when yields are 
high, 
The area, production and yield trends in lndia are shown in Figs. I .  I, 
1.2 and 1.3 respectively. It is evident that there are great tluctuations in 
production from year to year, whereas the area remains almost constant. 
Groundnut is considered a cash crop by the farmers and any fluctuation in 
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TABLE 1.1. AREA, PRODUCTION AND AVERAGE YIELD OF GROUNDNUT IN INDIA 
Year Area Area Produc- Average Index Numbers* 
('000 ha) irrigated tion yield 
('000 (kglha) Area Pro- Pro- 
('000 ha.)% tonnes) duction ductivity 
1950-5 1 4494 N . A .  - 3481 775 68.1 71.7 105.1 
1955-56 5133 89 (1.73) 3862 752 77.8 79.5 102.2 
1960-6 1 6463 195 (3.02) 4812 745 98.0 101.5 103.6 
196 1-62 6889 231 (3.37) 4994 725 104.4 102.4 98.1 
1962-63 7283 192 (2.64) 5064 695 110.3 106.7 96.8 
1963-64 6886 209 (3.04) 5298 769 104.3 111.6 96.8 
1964-65 7376 217 (2.94) 6004 814 111.6 129.7 116.2 
1965-66 7698 259 (3.36) 4263 554 116.5 92.1 79.1 
1966-67 7299 355 (4.86) 4411 604 110.5 95.3 86.2 
1967-68 7553 413 (5.35.) 5731 759 114.3 123.8 108.3 
1968-69 7088 379 (5.47) 4631 653 107.3 100.0 83.2 
1969-70 7125 399 (5.51) 5130 720 107.9 110.8 102.8 
1970-71 7326 567 (7.74) 6111 834 110.9 132.0 119.1 
1971-72 7510 569 (7.58) 6181 823 113.7 133.5 117.5 
1972-73 6990 486 (6.95) 4092 585 105.8 88.4 83.5 
1973-74 7024 653 (9.30) 5932 845 106.3 128.2 120.6 
1974-75 7063 620 (8.78) 51 1 1  724 106.9 110.5 103.4 
1975-76 7376 N.A.  - 6991 948 111.6 151.2 135.5 
'BaseYear : 1959-6010 1961-62 = 100 
Source: Directorate o f  Economics and Statistics, Ministry of  Food and Agriculture, 
New Delhi. 
its production affects the farmer's economy. It is the most important 
source of vegetable oil and any fall in production causes great hardship 
even to the urban population which depends on this source of vegetable 
fat. The fluctuation in groundnut production has led to spurt in prices of 
food and caused great misery to people. Groundnut cake is an important 
source of animal and poultry feed. Thus, any shortage of groundnut 
affects the animals and poultry as well. 
Groundnut,has thus a unique importance in our country both for local 
use and as a foreign exchange earner. Although India is the largest ground- 
nut-producing country, its yields per hectare is one of the lowest and the 
country is faced with the shortage of groundnut. This makes the situation 
rather serious. It thus becomes evident that all-out efforts have to be mado 
to improve the yields. 
Among measures to increase the crop production, the use of chemical 
fertilisers is perhaps the quickest and the most important. In fact, ferti- 
lizer-use is essential not only for increasing the production of groundnut 
but even for maintaining the present production levels. This becornes 
evident when we realist that an average crop of poundnut removes about 
112 kg N. 27 kg PZOS and 34 kg K20 from one hectare. Without fertilize* 
TABLE 1.2. A R ~ A ,  PRODUCTION AND PRODUCTIVITY OF OROUNDNUT DURING 
1950.51 AND 1970-71 
- -- 
State 1950-51 1970-71 
- -- 
Area Produc- Area Year Produc- Y~eld 
('000 ha) t ~ o n  (kg/ha) ('000 ha.) tlon (kglha) 
I coo0 ("xi' 
tonnes) tonnes) 
-- 
Andhra Pradesh 1210 1040 860 14x0 (16.0) 1143 772 
Gujarat 696 383 550 1758 (1.3) 1836 1044 
Kerala 11 14 1273 15 - 16 1095 
Madhya Pradesh 187 103 551 464 334 720 
Maharashtra 778 472 607 953 (22)  617 647 
Karnataka 637 547 859 837 (9.1) 613 732 
Orissa 24 I5  625 70 (71)  87 1243 
I Punjab 40 26 650 174 (12.1) I69 970 
Rajacthan 28 14 500 214 (0.91) 142 664 
Tam11 Nadu 794 763 961 1009 (18.1) 917 917 
Uttar Pradesh 89 103 1157 341 (0.31) 222 651 
Haryana - - I0 (6.9) 9 833 
All l n d ~ a  4494 3480 774 7326 (7.8) 6111 834 
Figures in brackets indicate percentage irrigated area. 
'Less than 500 ha. 
use and with regular depletion year after year, the soil would become 
impoverished and ultimately unproductive leading to gradually dcclining 
yields. A redeeming feature of the situatio~l is that groundnut belongs to 
the family Leguminosae and is, therefore, capable of fixing atnlospheric 
nitrogen by the root nodule bacteria. This is not to say that application of 
nitrogenous fertilizers is not required but that lower doses of nitrogen 
would be sufficient for a good crop. Also, the application of phosphorus 
and potassium becomes more important and these need to be supplied in 
adequate quantities for obtaining higher yields. 
Another aspect of fertilizer-use on groundnut is the high cost of 
fertilizers and short supply. Unless the responses to fertilizer application 
are high, the farmers will not have the incentive for its use. Because of 
short supply of fertilizers, the competition from cereals for use of fertilizers 
particularly for the irrigated soils is very high. 
Review of Literature 
In India, the groundnut is generally grown under rainfed conditions 
and only to small extent under limited availability of irrigation water. 
Keeping in view the uncertainty of rainfall, no regular manuring and plant 
protection of the crop is done by the farmers. Cattle manure, village 
sweepings, etc.. are applied to the extent available. Application of ferti- 
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lizers is practised in very few areas where protective irrigation facilities are 
available and same is the case with plant protection measures. 
The main reason for low yields of groundnut in India is, how- 
ever, the lack of adequate manuring to thecrop which may partly be due 
to the absence of knowledge of manuring and fertilizer requirements of 
groundnut in different regions. This information can be obtained from 
suitably planned experiments for different regions and under varying 
conditions of cultivation. However, investigations on these aspects do 
not appear to have received much attention until recently. A review of 
manuring of oilsad crops was done by Vaidyanathan (1934), Panse el al. 
(1947) and Expert Committee on Manures and Fertilizers (1953). These 
reviews indicate that the application of nitrogen was found beneficial for 
the yield of groundnut in parts of Maharashtra, Madhya Pradesh and Tamil 
Nadu, the additional yield being 7.5 to 12 kg/ha per kg of nitrogen. In Bihar, 
application of nitrogen and phosphorus showed beneficial effect on the 
yield of crop. No response was obtained to phosphorus in Kerala while 
potash was found to show low response in black soils a t  Akola (Maharashtra). 
The results of manurial experiments conducted in the various states 
up to 1960 have also been surnmarised by other research workers. Singh 
(1958) reported that nitrogen affected yield of groundnut adversely whereas 
phosphorus was beneficial up to 30 kg P20s/ha. In Tamil Nadu, beneficial 
effects of P and K application were reported by John and Seshadri (1948). 
In Punjab, Dalal (1950) reported economic returns with the use of 25 kg/ha 
of nitrogen as ammonium sulphate as well as with phosphorus as super- 
phosphate. In Uttar Pradesh, Pathak and Verma (1964) reported that no 
significant beneficial effect was observed with the use of fertilizers. In 
Gujarat, Patil et al. (1958) summarizing the results of 10 year's experiments 
reported 14 per cent increase in groundnut yield with 5 cartloads of farmyard 
manure. 
In later experiments, phosphorus applied with farmyard manure was 
also found beneficial. In Karnataka, beneficial effects of P and K applica- 
tion were reported in experiments at Hebbal Farm in red soil. 
It is thus clear that while isolated attempts were made to study the 
responses of groundnut to fertilizers in some of the states, no effort was 
made on an All-India basis to study the manurial requirements of groundnut. 
Moreover no experiments were conducted on cultivators' fields. The 
research done on the manuring of groundnut in the last 15 years is dis- 
cussed in this publication. 
2. CLIMATE AND SOIL 
A. CLIMATIC ENVIRONMENTS 
THE growth of groundnut is greatly influenced by the climate and soil 
factors. It  can be grown under a wide range of climatic conditions but 
it thrives best under tropical environments. Temperature and rainfall 
are two very important environmental factors for the proper development 
of groundnut crop. Various biometric characters affecting yield, viz., total 
number of flowers produced and the percentage fertilized, percentage of 
under-developed and diseased pods and the number of seeds per pod are 
not merely varietal characters but are also influenced by the amount of 
rainfall and its distribution. In tropical conditions where temperature is 
sufficiently high and the rainfall is uncertain, moisture in the soil has to be 
supplemented through adequate irrigation. A temperature of about 33°C 
is necessary in the early stage for the young plants to establish. Less warm 
climate conditions may affect the development of the plant. Groundnut is 
mostly raised as a kharif (rainy season) or a summer crop in India. In 
Peninsular India where temperatures are favourable during rabi or dry 
season also, groundnut gives excellent yields under irrigation. However, 
in North India it is only a khar(f (rainy season) crop. Within a month of 
sowing, the groundnut crop starts its reproduction phase which is the most 
important and critical period in the life cycle of the crop. During this phase 
which lasts for almost 3 months, flowering, formation of gynophores, their 
development and penetration and final development of pods is completed. 
The final yield of the crop depends upon the seasonal conditions prevailing 
during these months. The crop requires intermittent light showers for pro- , 
fuse flowering coupled with sun-shine for further development of flowers. 
Thus, alternate spells of dry and wet weather are ideal for profuse flowering. 
Excessive rains are also not desirable for the development of pods since they 
induce vegetative growth of the plant at the cost of pod formation. More- 
over, moist and friable soil is very congenial for the formation and penetra- 
tion of gynophores and the development of pods. Heavy and continuous 
rains are not favourable, because they are conducive to high incidence of 
diseases and pests. Thus, in the life-cycle of groundnut crop, appropriate 
rainfall pattern is a prerequisite for the success of the crop. Moderate 
rains during the month of July help the crop in promoting optimum vegetative 
growth while well-distributed heavy rains during August help to form maxi- 
mum flowers and pods during the reproductive phase. Moderate rainfall 
in September and low midall in October help in proper development ~d 
maturity of pods and also facilitate easy harvest. Fourrier and Prevot (1958) 
concluded that rainfall of 25-60 inches is optimum for the growth of 
groundnut. John*(1937) reported that rainfall of about 3 to 5 inches was 
required during the period of preparatory cultivation of the land, about 5 to 
7 inches of rain during the fortnight of sowing and about 15 to 25 inches of 
well-distribvted rainfall afterwards for the growth period lasting for about 
3 to 4 months. Sunny weather at harvest time is essential for getting good 
yield. The rain at  sowing time helps proper germination and good stand 
while well-distributed rainfall later ensures normal vegetative growth of 
plants and increases flowering and proper developn~ent of pods. Bright 
sunny weather a little before harvest helps in ripening and later in harvesting 
and drying operations for good quality crop. Rain or humid weather at 
harvest time affects proper drying of the produce which gets mouldy and 
discoloured. The sowing is therefore taken up with the commencement of 
rains and the harvesting is done after the dry weather sets in. The crop 
cannot withstand severe drought and water-logging. Heavy and continuous 
rainfall during the growth period promotes excessive vegetative growth 
resulting jn prolonged growing period and poor yields. Dependingon the 
time of receipt of rains, availability of water supply for irrigation and the 
variety, the sowing time during the monsoon or summer season has to be 
fixed taking into consideration various climatic factors. From the experience 
of growers in most of the states, sowing of the crop whether rainfed or 
irrigated when done early in the season is most conducive for proper 
growth and warding off diseases like wilt, thus resulting in high yields. 
As is well known, long drought periods especially up to pod formation stage 
have to be avoided as drought conditions during this period reduce the yields 
considerably. 
Effect of Drought. Lin and Chen (1967) found that under drought 
conditions the plants were shorter, had poor root distribution, less branches 
and leaves and smaller leaves than irrigated plants. The number of flowers 
and flowering period were reduced by drought and there was a positive 
correlation between number of flowers and final yield. Prevot and Biliaz 
(1962) in trials at Senegal observed that drought was more damaging at  
flowering time. Under deficient rainfall, yield was proportional to the 
number of leaves produced at 65 days from sowing and resistance to drought 
could not be ascribed to root development. Ghibuya (1935) observed that 
adequate amount of water was necessary for the initial fructification in 
groundnut crop which was adversely affected by high concentration of the 
nutrient solution, the fructification being retarded by the high osmotic 
pressure of the fruiting medium and delayed by the lack of oxygen. Sindagi 
(1964) conducted trials and recorded rainfall data for four years from 1957 
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to 1961 in Raichur district of Karnataka state to study the effect of rainfall 
and its distribution on the yield of the crop. He found that well-distributed 
rainfall ranging from 575 to 625 mm was quite sumcient to get good yield 
of groundnut crop in Raichur. Heavy rains offered no advantage to the 
crop. With high rainfall during July and August when vegetative growth is 
profuse and flower production maximum, the yield of the crop was affected 
adversely. Irrigation trial on moisture regime basis at various growth 
stages of groundnut was conducted under the All-India Co-ordinated Project 
(ICAR) at Junagarh (Gujarat) during 1968-69 (kharif). Irrigations to make 
up a moisture regime of 2(t-40% in the first stage of plant growth, viz., 
1 to 50 days (till maximum peg formation), 20,40 and 60 per cent in the third 
stage viz. 101-120 days (pod ripening stage) were applied to find out effect of 
moisture regime on the yield of crop. It  was found that yield was the highest 
when 60% moisture regime was achieved in second stage. Best results were 
obtained with a moisture regime of 40,60 and 20 per cent in the first, second 
and third stages respectively. Adequate moisture is thus essential during 
second stageviz., during pod development stage. Kulkarni (1967) collected 
metereological data for Riachur district for four years from 1961-1965 and 
conducted field experiments with different varieties to find out the influence 
of rainfall, temperature and drought on the yield of groundnut. The weekly 
rainfall data, average maximum and minimum temperature, average soil 
temperature at 5 cm depth during the months of August-September-October 
and yield are presented in Tables 2.1, 2.2 and 2.3. 
The yield results in Table 2.3 indicate that the highest yields were 
recorded during 1962-63 and the lowest in 1961-62. Moderate yields were' 
obtained in the remaining two years. The total rainfall in the months of 
August to October was also lowest in 1961-62 but moderate in 1962-63 though 
the total rainfall in both the years was almost the same. The results 
(Table 2.1) show that the distribution of rainfall during crop growth period 
is more important than the total quantity of rain. Low rainfall was recorded 
during August and September in 1961-62 (the year of lowest yields) being 
116 mm, while in 1962-63 (the year of highest yield) a rainfall of 386 mm was 
recorded in these months. The low yield in 1961-62 can therefore be attri- 
buted to  ill distribution of rainfall as well as low rainfall during the months 
of August and September. In 1963-64, there were inadequate rains during the 
month of September which affected the yield of the crop and therefore could 
not compete with 1962-63. Maximum rainfall was received during 1964-65, 
but due to long periods of drought during August, the crop growth suffered 
a M back and even heavy rains thereafter could not make up the loss. Rain* 
fall diotribution, therefore, plays an important role in determining the yields 
of groundnut crop. Moderate rainfall in September and low rainfall in 
October help the development of pods and facilitates easy harvet. It can* 
t h d o ~ e ,  be cpocluded that the low yields obtained during 1 9 6 1 4  1963-64 
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TaLe 2.3. V ~ A L  YIBLD (KG~HA) AS INPLUBNCgD BY THE SEASON IN 
DIPFBRBNT YBARS 
- -- 
Year 1961-62 1962-63 1963-64 ) 1964-65 
Date of sowing 22-6-61 22-6-62 30-6-63 1-7-64 
Vurleries 
9 671 620 680 587 
C.D. 162 ' N.S. N.S. 91 
N.S.-Not significant. 
and 1964-65 were due to failure in meeting the water requirements of the 
crop during the critical months at one stage or the other. 
Atmospheric Temperature. From the study of the average maximum 
and minimum temperature for the months of August, September and October 
for four years (Table 2.2) it was observed that the crop required intermittent 
sunshine in August resulting in high temperature besides good rains. These 
conditions, it was felt, favoured nutrient uptake, flower formation and their 
fertilization in this month. It was also concluded from these results that 
the mop required comparatively low level of temperature during September 
in 1962-63. This helped the crop gynophores in penetrating into the 
soil and in promoting initial development of the pods. During October, 
maximum temperature should be fairly high which would be the result in 
of low rainfall as in 1962-63. This would greatly help proper develop- 
ment of kernels to maturity. 
Soil Temperature. Soil temperature is reported to affect the groundnut 
yields markedly. Some of the best yields are reported from Rhodesia, 
Malawi and they are attributed to favourable soil temperature beaides other 
favourable conditions. Unfortunately, there is little experimental evidence 
in India about the effect of tgmperature on this crop. A study conducted on 
b k k  soils in Raichur (Xatnataka) showed that fairly high temperature of 
at 5 cm depth during the months of August, Sep~nber and October 
the mop yield favourably. The high temperature, perhaps helped 
tha crop in geotropic action of the gynophores and other develo~mentsl 
activitiee; However, on the other hand it wan observed that a long drought 
spell in any of the three months had a detrimental effect on the 
crop. It seems that soil temperature effect on yield needs critical 
evaluation. 
Varietal Effects. Groundut varieties require different amounts of 
water for their growth and development. Rao (1936) conducted varietal 
trials on three varieties, viz., 'Gudiyatham Bunch' which is a short-duration 
bunoh variety, 'Local Mauritius', and 'Salcum' which are long-duration 
spreading varieties and found that the total water requirement was the highest 
for 4Salcum' and least in the 'Guidyatham Bunch.' However, the former 
variety was better than the other two as far as economy in the utilization 
of water is concerned. About 1.01 to 1.13 kg of water was required by 
'Gudiyatharn Bunch', as against 0.84 kg by 'Salcum' per gram of dry matter. 
Time and distribution of rainfall have different effect on different varieties. 
In South India, it has been observed that the short-duration bunch varieties 
suffer most with the failure of early rains. The long-duration spreading 
varieties can pick up the growth with the north-east monsoon in the later 
stages. As discussed earlier, growth in fruiting period and other develop- 
mental stages is mostly influenced by the pattern of rainfall, a well-distributed 
rainfall in the early stages being necessary for good vegetative growth 
and flower production. Bright sunshine helps good pod setting and sum- 
cient soil moisture is required for the growth and subsequent development 
of pods in the soil. It is, therefore, important that the early growth and the 
first flush of flowering should be over by heavy monsoon period and alternate 
spell of dry and wet weather for fruiting phase should follow. To  secure 
this benefit, it is necessary that the crop is sown early in the season or the time 
of sowing should be adjusted to fit in the environmental conditions depending 
upon variety. This is substantiated by the observations made for two years 
by Seshadri (1961) while studying the effect of rainfall and its distribution 
on the number of flowers produced, percentage fertilized and transformed 
in the pods for the bunch and spreading varieties. He pointed out that 
in the first year when rain started late and there were very heavy rains during 
November, early bunch varieties produced maximum flowere late in the 
season on account of the failure of early rains while in case of late spreading 
varieties flowers were produced. early in growth period and therefore the 
percentage of fertilization and number of pods formed expressed as percentage 
of mature pods and yield were lower in the bunch varieties. Next year, 
early south-west monsoon was well distributed and late noith-east monsoon 
failed. This resulted in maximum flower production in both the types in 
early part of flowering season. The failure of north-cast monsoon later 
caused poor fertilization and pod-formation in the &ing varieties. 
Again, late in the m m n  there were nome rains which also produced a fm 
flowers into the bunch and quite a l a w  number in the spreading varieties. 
Uowm produoad on a c c o ~ t  of late rains did not fully dovelop, ospec- 
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ially in the spreading varieties and the percentage of multi-kernelled pods 
was very low. 
CropWeatbcrSoil Relations. As discussed, information on crop- 
weather-soil relationship is very important for planning irrigation and cultural 
requirements of the crop for maximising yields. TO investigate the relation- 
ship between yield of groundnut crop with rainfall in the season, broad soil 
type and its fertility status, correlation studies were undertaken with the help 
of data collected in trials conducted under the ICAR Co-ordinated Research 
Project during kharif1969 in a number of C.D. blocks located under different 
agrotlimatic and soil conditions. The soil types covered in the areas were 
as follows: 
( I )  Black and medium black soils, ( i i )  terai loam, ( i i i )  red loam, ( i v )  
sandy loam, and ( v )  sandy soils. The fertility of these soils was designated 
as high (H), medium (M) and low (L) for N, P and K taken from soil fertility 
map drawn by the All-India Soil and Land-Use Survey, The soil type and 
soil fertility status of different places with total rainfall received during the 
months of June to December 1969 and yield of groundnut are given in 
Table 2.4. 
It  will be seen from Table 2.4 that the highest yield of 2899 kg/ha 
was recorded at  Khargone with medium black soils under 880 mm of rainfall, 
and high fertility level of phosphorus and potash. The lowest yield record- 
ed was at  Tindivanam, with sandy loam soil, under a rainfall of 1470 mm 
and low soil fertility. It was also observed that the correlation between 
total rainfall from June to December and yield was negative. The corrc- 
lations between the yield of groundnut and the ~nonthly rainfall for seven 
months from June to December 1969 are given in Table 2.5. 
A positive correlation between September rainfall and yield and a 
negative correlation between November rainfall and yield was obtained in 
these studies. The negative correlation may not be important in bunch 
varieties as these are expected to be harvested by November. In a centre 
like Tindivanam with a total rainfall of 1470 mm, 30 per cent of which was 
received in November at  the time of pod maturity spreading types yielded 
only 376 kg/ha, on the average, while at the same centre the bunch varieties 
which were harvested earlier yielded 793 kg/ha, i.e., more than double. 
B. SOIL ENVIRONMENTS 
It is generally believed that light-textured and well-drained soils are 
more suited for the normal development of groundnut plants. Wet, poorly 
drained soils are e~t i rely unsuitable. The crop has a distinct taproot with 
secondary and deeply spreading roots. As with other deep-rooted plants, 
it ia wcntial that it be grown on a well-aerated soil with good drainage. 
Such light wile are no doubt relatively poor in available nutrients and organic 
matter but with proper fertilisers and other agronomic practices the crop 
TABLE 2.4. Sou IYPB, SOIL m STATUS,  TO^ RMNPAU AND YIBU) OF 
GROUNDNUT (rolm) m sows ~lsllucrs m 1969 
SI. Places Soil type Soil Total Yield 
No. fertility rainfall (Laha) 
(NPK) (mm) 
1. Jalgaon (Mahanshtm) Black and medium black LLM 923.6 
2. Dipraj (Maharsshtra) MLM 538.2 
3. Khargone (Madhya Pradtsh) LHH 820.0 
4. Lataur (Gujarat) - 610.7 
5. Amrtli (Gujarat) LLL 261.6 
6. Jamnagar (Gujarat) t. - 881.6 
7. Junagadh (Gujarat) MLL 582.6 
8. Pantnagar (Uttar Pradesh) - 1313.6 
9. Pallachi (Tamil Nadu) Red loam ' LMM 759.0 
10. Dharwar (Karnataka) MLM 703.2 
11. Raichur (Karnataka) Loam MLM 679.2 
12. KadiIS (Andhra Pradesh) LLM 441.9 
13. Yellamanchili Sandy loam LMH 1188.2 
(Andhra Pradesh) 
14. Knrimnagar MLM 1025.0 
(Andhra Pradesh) 
15. Mambalpur (Uttar Pradcsh) MLL 870.0 
16. Mainpuri (Uttar Pradesh) LMM 833.0 
17. Hisrar (Haryma) LMM 503.4 
18. Durgapur m a s t h a n )  - 373.2 
19. Ludhirna (Punjab) MHM 315.6 
20. Tindivanam (Tamil Nadu) LLL 1470.0 
21. Talod (Msharashtm) - 323.0 
22. Sarnda Punjab) MHM 430.0 
L :  Low; M :  Medium; H :  High. 
TABLE 2.5. CORRELATION COEFFICIENT B8lWEEN YIELDS (KQ~HA) AND EQm! 
W A L L  BXPRBSSeD AS A PBRCBNTAOE OF TOTAL RNNPALL PROM JUNE TO 
DHCHYBHR 1969 
Month C o d a t i o n  ccd3ciont betwmn yield and 
monthly rainfall 
Smadlng vcuietk Bunch v u i a i g  
June 
July 
August 
- 
Ocrober 
N o ~ m b e r  
Decaabm 
T~ftomJwmtoDeesmber 
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does well on soils which are considered poor for most of the other mops. 
It would, however, be wrong to conclude that the crop is best adapted to soils 
of relative low fertility and light texture. The requirements of the crop 
for proper physical conditions of the soil, probably make sandy loam soils 
best suited for groundnut production. Further, this fact merely emphuises 
the need for extremely carefil programme of fertiliser or soil management 
in order to  mintain high yields and high quality of groundnut and other 
crops in rotation with groundnut. Groundnut crop in India is generally 
grown on a variety of soils with a very wide range of physical and chemical 
characteristics. These could be divided into four broad productivity classes 
depending upon the soil characteristics affecting growth and yield. 
Excellent Sob 
The soils have well-drained sandy loam or sandy clay subsoil. The 
soils are fairly deep and their topography is favourable for tillage operations. 
They are least prone to erosion. The nutrient content is also good to sustain 
high yield for a considerable period. 
Good Sob 
Soils in this class are generally similar to those in Class I except that 
surface l a y a  of the soils is a little heavier in texture and a little poorer in 
internal drainage and more gravelly or stony. These soils are also shallower 
than excellent soils. 
These soils have certain unfavourable characteristics like very fine 
texture, very coarse texture or very deep sandy upper layer, eroded conditions, 
steep topography and poor drainage. They are deficient in one or the other 
nutrient. 
Poor Sob 
These soils besides having very bad physical characteristics are low 
in nutrients. The adverse physical conditions and poor nutrient level prevent 
Proper cultivation of the land, limit yield and affect quality. The soils arc 
v w  sandy, clayey, wet swampy or rocky. 
Root development of the groundnut plant is directly related to the 
texture and fertility status of the soil. No comparative data are available 
on the root development of a variety on different soils. Ali Mohammed 
(1933) studied root system of three varieties of groundnut in the alluvial 
~ d y  loam mils at  Lyalpur (Pakistan) and Seshadri et al. (1958), in the red 
at  the Agricultural Research Station, Tindivanam (South Arcot), Tamil 
Nadu, India. The results are summarised in Table 2.6. 
Them dma not seem to be much d i i rencc  in the root rystem, in the 
Variety Age Penctra- Spread Age Penetra- Spread 
(days) tion (cm) (cm) (days) tion (cm) (cm) 
Alluvial soils (source : Ali Mohammed et al. (1932) 
'Small Japan' 18 66 31 140 130 105 
'Small Spanish' 18 60 41 140 150 80 
'Burmese' 18 42 47 140 190 113 
Red soils (aource : Seshadri ct al. (1958) 
'Gudiyatham Bunch' - 66.2 17 
H.G.I.' - 60.8 5 
Local Mauritius' - 69.0 35 
two soils except the spread which was less in red soils. Ali Mohammed 
(1932) also studied the development of root system of groundnut in diierent 
textural components, viz., ( I )  sand, ( i i )  clay, and (iii) kmkm* and clay. 
When the plants were 26 days old, the roots were exposed. It was found 
that plants raised in kankar plus clay had the most vigorous root system 
and developed the largest number of nodules on its main and lateral roots. 
The root system of plants grown in clay was very poorly developed and there 
were no nodules. The plants raised in sand occupied an intermediate position. 
It is, therefore, evident that neither sand nor clay as such is suited for 
the normal development of groundnut plants as the root development is also 
flectcd by fertility status of the soil and loamy texture favours the root 
development; 
Major Groundnot Sob, k l r  Ctnrrcteristia and Muugemunt Problem 
On account of increasing demand for groundnut for home consumption 
and exports and because of good profits, its cultivation has b a n  extended 
to all types of soils. It is now grown on all the major soil typea of the 
country. However, most of it is grown on the following four soil groups: 
I. Alluvial and coastal quvial soils 
11. Red soils including mixed red and black soils 
111. Black or regur soils 
, IV. Lateritic soils 
Generally the red, mixed red and black soils (Albh) and alluvial and 
coactal alluvial soils of light texture are preferred for groundnut cultivation. 
Effect of type of clay mineral on the yielding potential of roil hau been 
studied to a W n  extent. But most of the litaature on the manurial and 
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other experiments does not give information about the soil type or the 
effect of soil characteristics on yield. However, the meagre data available 
suggests that groundnut yield, kernel quality and calcium content of shell 
was consistently superior in kaolinitic medium than in montmorillonitic or 
organic medium. In general, in soils predominantly of the 1 : 1 type 
(kaolinite) clay minerals and with high Ca availability the yield of groundnut 
is highter than in soils of 2 : 1 type clay minerals such as hydrous mica and 
montmorillonite. 
I. Alluvial and Coastal Alluvial Soils. 
The soils are mainly loam or sandy loams of varying depth. Soluble 
salts are present in variable amounts. The lower layer of many soils contains 
kankar nodule (lime concretions). The soils are alkaline in reaction due to 
the presence of sodium in the clay complex. They are adequately supplied 
with phosphorus and potash but are low in organic matter and nitrogen. 
The colloids present in the soils are predominantly of expanding illitic 
type. They do not have as much of expandable layer as the montmorillo- 
nite. These soils have intermediate values between the black and the red 
soils so far as cation-exchange capacity and water-holding capacity is con- 
cerned. They are poor in nitrogen. They can convert large percentage of 
ammonium and potassium from fertilizers in tixed forms. Phosphorus 
deficiency is also common. Consequently application of nitrogenous and 
phosphatic fertilizers gives high responses. This soil type covers Indo- 
Gangetic plains of north India where groundnut is grown in certain pockets. 
The coastal and alluvial plains of Kutch, Jamnagar, Bhavnagar and Rajkot 
in Gujarat and recent alluvium of the river Varade in Dharwar (Karnataka) 
are important areas of groundnut production. A few typical soils of this 
group are described in the following paragraphs. 
(i) Alluvial soils from Dharwar district of Karnataka. Groundnut is 
:ultivated in the recent alluvium of the river Varade, a tributory of Tunga- 
bhadra. The soils are deep to very deep, well drained, dark yellowish- 
brown to very dark yellowish-brown in colour and loam to clay loam in 
texture. Sand streaks within the profile, at different depths, reveal that the 
soils are riverborne. Waterworn pebbles are also found on the surface. 
Structural development is noticed in the subsoil. A typical profile is 
described as under: 
Depth (cm) Description 
0-18 Dark yellowish-brown (IOYR 41 dry; lOYR 3/44 moist). clay loam. mode- 
rate medium sub-angular blocky structure breaking into Ane granular 
slightly hard, friable  lightly sticky and plastic; pH 6.9; plentiful roots. 
18-120 Dark yellowish.brown (IOYR 414 dry; IOYR 314 moist) clay loam; mode- 
rate medium sub.angulu blocky sligbtly hard, firm, slightly sticky and 
plastic; few roots, pH 6.6; gradual and wavy boundary. 
120--140 Yellowish-brown (IOYR dry: 1OYR 514 moist), clay loam, moderate medium 
sub-angular blocky; slightly hard, friable slightly sticky and plastic; pH 6 9;  
gradual m d  wavy boundary. 
14@-153 Yellowish-brown (IOYR 416 both dry and moist), sandy loam; moderate 
n~edium sub-angular blocky breaking into fine granular hard, friable, 
slightly sticky and plastic; PH 6.1. 
Coarse sand(%) 
Fine sand(%) 
Silt(%) 
Clay(%) 
Moisture equivalent(%) 
Water holding capacity(%) 
pH (1:l) 
Organic carbon(%) 
C.E.C. me(%) 
Total P205(%) 
Total K20(%) 
( i i )  Groundnut cultivation is also practised in the older alluviums of 
the rivers Varade and Tungabhadra in Dharwar district. These soils are 
dark brown in colour, deep to very deep, moderately well drained, heavier 
textured, silty clay with a few rounded watenvorn pebbels and fine lime 
nodules are present on the surface. The alluvium being old shows profile 
development and well developed structure. The subsoil often shows clay 
skims, Sand otreaks are present in the lower horizons of the profile. 
Horizon ~ e p t h  (cm) Description 
AP 0-23 Dark brown (10YR 413 both dryand moist), clay loam with 
very fine lime concretions, moderate medium blocky struc- 
ture; slightly hard, friable, sticky and plastic; lime nodules 
show effervescence with dilute acid; pH 7.7; plentiful roots, 
clear and smooth bdundary. 
BI 23-94 Dark grayish-brown (10YR 432 dry; lOYR 313 moist), silty 
clay with thin patchy clay skins and fine to very fine lime wn-  
cretions; moderate medium blocky structure, hard, firm, sticky 
and plastic; only lime nodules show effewtscence with cl_i!oi* 
acid; pH 7.5; few roots; clear and smooth boundary. 
B2 94-155 Dark brown (lOYR 413 both dry and moist), clay with CG, 
rounded iron concretions, about 2-3 per cent; clay skins visible; 
very bard, very fair, very sticky sad  very plartic; pH 7.4; very 
few roots; dm and smooth boundary. 
B22 155-168 Dark brown (lOYR 413 both dry nod moist), clay with fine 
rounded iron concretions about 2 4  per cent; clay skins visible; 
moderate medium angular Mocky structure; very hard very 
arm, very sticky m d  plastic; pH 7.7; c leu  and mrooth boundary 
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0- 
Coarse sand (%I 
Fine sand (%) 
Silt (%I 
Clay (%) 
Moisture equivalent (%) 
Water-holding capacity (%) 
pH (1:l) 
Organic carbon (%) 
C.E.C. me (%) 
Total exchangeable base me (%) 
Total P205 (%) 
Total K20 (%) 
Analysis 
,23 cm 23-94 cm 
11.35 5.15 
36.85 34.90 
13.80 16.20 
37.70 39.60 
24.90 25.39 
43.01 42.96 
7.70 ?.50 
0.55 0.45 
29.3 27.8 
22.5 18.0 
0.035 0.031 
0.480 0.480 
A typical alluvial soil from groundnut-producing area Village Balion, 
Samrala, Ludhiana, Punjab, is described below: 
Depth (cm) Description 
0-38 10 YR 612 (light brown grey); loamy sand; granular, friable; 
slight effervescence with HCI; medium and fine roots; clear 
smooth boundary. 
38-80 IOYR 613 (pale brown); sandy loam; columnar, friable, strong 
effervescence with HCI; few fine lime nodules; medium to fine 
roots; clear smooth boundary. 
90--150 lOYR 613 (pale brown); sandy clay loam; weak fine to medium 
subangular blocky; strong effervescence; few fine lime nodules; 
few fine roots; clear smooth boundary. 
15CL180 lOYR 612 (light brown-grey) silty clay loam; mode medium 
subangular blocky; few fine Fe, Mn and CaCO, nodules; 
strong effervescence, no roots. 
Analysis 
Sand (%) 
"It (%) 
Clay (%I 
:&ax, water-retention capacity (% 
by wt.) 
!lH (1:2) Soil : Water 
Ixtrical conductivity (mmhos/cm) 
:Jrmic carbon (%) 
cerrrj (%) 
. - .  
. .. r.ml pc capacity (me/100 g) 
::a0 (kp/ha) 
;'no$ (ks/ha) 
11. Red Soils including Mixed Red m d  Black soils 
The red soils grade from the poor, thin, gravelly and light coloured 
types of the uplands to the much more fertile, deep, dark types in the plains 
and valleys. They are generally poor in nitrogen, phosphorus and humus. 
In comparison with the regular soils these soils are poorer in lime, potash 
iron oxide and are also uniformly low in their phosphorus content. The 
red soils can be divided into two broad sub-groups, viz. ( i )  red loams, 
characterised by argillaceous soil with a cloddy sructure and the presence 
of only a few concretionary material, and ( i i )  red earths where the topsoil 
is loose and friable but rich in secondary concretions as a consequence of 
sesquioxide type of clay. 
The red soils in Tamil Nadu occupy nearly two-thirds of the cultivated 
area. The parent rocks are micacious or red granitic, the latter being 
acidic. The soils are shallow, and open textured with pH ranging from 6.6 
to 8.0. They have a low base status and low cation exchange capacity. 
They are also deficient in organic matter and poor in plant nutrients. An 
analysis of their clay fractions gives a SiO2/R2O3 ratio of 2.5 to 3.0. 
The acid soils in South Bihar, Ranchi, Hazaribag, Santhal Paragnas, 
Manbhum and Singbhum are red soils. Their pH ranges from 5.0 to 6.8. 
Another distinguishing feature is the high percentage of acid soluble FqO, 
compared with high silica. 
In the Telangana division of Hyderabad, where the predominant geologi- 
cal formation is granite and gneissic complex, both red and black soils pre- 
dominate. The red soils or chalkas are sandy loam located at higher levels. 
Such soils are used for growing groundnut. 
The colloids in red soils have higher percentage of kaolintic clay minerals 
which show high ionic activities of alkali metal cations. The calcium avail- 
ability is therefore high and that of NH, ion low. NH, ion is also less 
absorbed in these soils than in the black soils. The availability of phosphorus 
is also lower. The fixation of K is also low. Therefore, these soils give high 
responses to low doses of nitrogenous and potassic and high doses of phos- 
phatic fertilisers. Since fixation of phosphate is high, placement of phos- 
phatic fertilisers is of special advantage in these soils. 
The red soils have content of kaolinitic clay minerals which have low 
cation exchange capacity and low moistureretention capacity. They ar< 
also very porous soils and can be easily cultivated.'They have good d r a i ~ ~ ~ .  
and better permeability to water and air. On account of low moisture= 
retention capacity they require small amount of irrigation at  short intervals. 
They are distributed in all the important groundnut-growing states such ;- 
Andhra Pradesh, Tamil Nadu, Karnataka, Bihar, Orissa, Assam and Manipur. 
Profi[c Description of Red Soilr : Description of typical red sdiis ol 
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groundnut tracts of Andhra Pmdesh, Karnataka and Tamil Nadu is given 
in the following pages: 
Rayalaseema Region of Andhra Pradesh. Soils are generally formed from 
the weathering of granite and granite gneiss rocks with a thin layer of collu- 
vial material on the surface. The colour of the topsoil ranges from reddish- 
brown to yellowish-red and and texture from sandy loam to sandy clay 
loam depending on erosion. The soils contain coarse fractions of quartz, 
gavel and weathered rock fragments. It is friable and porous. The texture 
of the subsoil varies from gravelly clay loam to clay loam, very hard and 
firm when dry and firm when moist which acts as a hard pan and restricts 
root penetration and infiltration of water. 
A rypicol red soil profile 
Horizon Depth (cm) Description 
Ap 0-10 Yellowish red (5 YR 516 dry and 5 YR 416 moist), sandy loam; 
medium moderate ganular structure: loose when dry, friable 
when moist; many fine and few coarse roots: clear smooth 
boundary, pH 6.1. 
B2 10-32 Red (2.5 YR 416) and dark red (2.5 YR 316 moist) gravelly 
sandy clay loam with quartz gravel 35 to 40 per cent by volume 
and 5 t o  10mm size; medium, weak subangular blocky structure; 
very hard when dry, firm when moist, sticky when wet; few 
flne roots; clear smooth boundary; pH 6.2. 
B3 32-86 Very similar to horizon above but gravelly clay loam with 
quartz gravel 45-55 per cent hy volume and 5 mm size gradual 
smooth boundary; pH 6.4. 
C 86-120 Weathered hornblende biotite granite. 
Coarse sand (%) 
Fine sand (%) 
Silt (%) 
Clay (%) 
Moisture equivalent (%) 
Water holding capacity (%) 
pH (1:2.5) 
Oraanic carbon (%) 
C.E.C. me  (%) 
Total exch. bare me. (%) 
Total K@ (%) 
Total Pfls (%) 
Available P (ppm) 
Available K (pprn) 
Analysis 
-10 cm 
48.60 
37.60 
3.52 
9.68 
7.50 
21.10 
6.1 
0.24 
8.0 
3.25 
0.132 
0.038 
4.8 
158.0 
Red Soils from Salem Dfrtricr of Tamil Nadu. These soils are derived 
from the weathering of gneissic rocks. They are moderately deep to deep, 
moderately well-drained gravelly sandy loam. The colour of the topsoil 
rangee from light yellowish-brown to reddish-brown. These soils generally 
occur on 1 to 3 per cent slopes and occasionally up to 5 per cent slope. 
Horizon Depth (cm) Description 
A 0-15 Light yellowish-brown (10 YR 614 dry) coarse gravelly sandy 
loam with few quartz gravel; single $rain structure; loose when 
dry and non-sticky when wet; pH 7.6; clear smooth boundary; 
abundant roots. 
B 15-48  Dark red (10 YR 316 dry) gravelly clay loam with abundant 
quartz; subangular blocky structure; slightly bard when dry 
and sticky when wet; pH 7.0; gradual wavy boundary; abundant 
roots; 25-30 crn thick. 
C 48 +, Weathered hornblende gneiss. 
Coarse sand (%) 
Fine sand (%) 
Silt (%) 
Clay (%) 
Moisture equivalent (%) 
pH (I :2.5) 
Organic carbon (%) 
C.E.C. me (%) 
Tetal Exch. Base me (%) 
Total KiO ('%) 
Total PiO, (%) 
Red Soils of Bellary District of Karnataka. The groundnut-growing 
areas are mainly confined to yellowish-red to reddish-brown or dark red 
colluvial soils derived from the residium of banded haematite quartzite. 
They are moderately deep to deep, moderately well-drained, heavy-textured 
soils having clay loam to sandy clay loam texture in the surface grading 
to clay loam to clay or silty 'clay loam in the subsoil underlain by chlorite 
schist. Both femginous and quartz gravel are present. 
Horizon Depth (cm) Doscription 
Ap 0--10 Yellowish-red (5 YR 418 both dry and moist) clay loom; weak 
medium blocky structure breaking to weak 5nc mnu1.r 8 t n r -  
turc; slightly hard whon dry, slightly Bnn when moist and sticky 
and slightly plastic when ant; pH 8.0; plentiful foots; c l u r  and 
smooth boundmy. 
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BI 10--36 Reddish-brown ( 5  YR 414 both dry and moist) silty clay loam; 
weak medium blocky structure breaking to weak fine granular; 
hard when dry, slightly firm when moist and sticky and plastic 
when wet; pH 8; plentiful roots; clear and smooth boundary. 
B2 36-44 Dark reddish-brown (5 YR 314 both dry and moist), silty clay 
loam with ferruginous gravels; moderate medium blocky 
structure; hard when dry firm when moist and sticky and plastic 
when wet; pH 8.3; few roots. gradual and wavy boundary. 
D 84 + Weathered chlorite schist with abundant iron pellets about 
40 to 50 per cent by volume. 
Coarse sand (%) 
Fine sand (%) 
Silt (%) 
Clay (%I 
Moisture equivalent (%) 
Water-holding capacity (%) 
pH (1 :2.5) 
Organic carbon (%) 
C.E.C. me (%) 
Total P205 (%) 
Totat K1O (%) 
111. Black or Regw Soils 
Black soils of India are comparable with the Chernozems of Russia 
and the prairie soils of the cotton-growing states of the United States. They 
are derived from the Deccan and the Rajmahal trap and ferruginous gneisses 
and schists occumng under semi-arid condition. The former attain some- 
times considerable depths while the latter are generally shallow. Many 
black areas are very fertile while uplands are quite poor, sandy on the slopes 
with a good monsoon. Between the hills they are darker, deeper and richer 
and are constantly enriched by the material washed down from the hills. 
A number of groundnut-growing black soil profiles have been examined 
in Tamil Nadu. Four types of profiles are distinguished, viz. (1) shallow with 
gypsum, ( i i )  shallow without gypsum, (iii) deep with gypsum, and ( i v )  deep 
without gypsum. The shallow profiles mostly range in depth from three to 
four feet and in some cases go to a depth of oneand-half to two feet. The deep 
onee extend up to nine feet and more. The black soils are very heavy and 
contain up to 65 to 80 per cent finer fractions. They have high pH (8.5 to 
9.0) and rich in lime (5-7 %). They have low permeability and high hygros- 
copic d c i e n t ,  high water-holding capacity. Due to montmorillonite type 
of clay minerals they swell on wetting and crack on drying. Sometimes 
the QlDCkS arc very deep. They are low in nitrogen and d c i e n t  in potash 
and phosphorus. Black mils have generally a high base status and high base 
exchange capacity (40 to 60 me). Analysis of clay fractions shows that iron 
content is about 10 to 13 per cent. The calcium and magnesium contents 
are high. Si02/R203 varies from 3 to 3.5. The colloids present in black 
soils are predominantly montmorillonite and have high exchange capacity. 
The fixation of potassium is more in dry than in wet phase of the soil The 
basic amino groups of organic cations are also strongly sorbed by theseclays 
so that organic nitrogen decomposition products are not readily decomposed 
by enzymes. The fixation of ammonium is more in the dry than in the wet 
phase. In these soils with high amount of CaCOJ and high degree of satura- 
tion with Ca the availability of P is low. 
As the predominant clay mineral is of expanding type, the soils absorb 
large quantities of water and therefore show high degree of hydration and 
swelling. These clay minerals have large specific surface and this results 
in high water film tension and high plasticity, low air capacity, low hydraulic 
conductivity, and high power of swelling. These soils become very hard 
when dry and plastic when wet. As the force required to cultivate them is 
very high these cannot be cultivated deep very frequently. Shallow cultiva- 
tion at the low plastic limit is more beneficial and gives good aggregation 
with large and porous aggregates. On account of these characteristics 
the irrigation and drainage also presents special problems. Irrigation has 
to be applied very frequently as the wetting front is restricted. The provision 
of mole or tile drains at shorter intervals is necessary to drain these soils. 
These soils are found in west of Maharashtra, part of Karnataka, Tamil 
Nadu, Madhya Pradesh, southern districts of Rajasthan, Uttar Pradesh, 
south-east Bihar and north-west of Orissa. These soils are not suited for 
groundnut cultivation. Description of a few typical black soils is given in 
the following pages. 
Black Soils of Dharwar District of Krtrnaraka. The black soils derived 
from chlorite schist are generally deep to very deep, moderately well drained, 
silty clay. loam to silty clay. Calcium carbonate is in the concretionary form 
and the soil matrix does not give any effervescence with dilute acid. The 
slicken sides on the pod surfaces are well pronounced and the structure is 
strong, coarse blocky. 
Horizon Depth (cm) Description 
Ap I Very dark greyish-brown (2.5 YR 312 both dry and moist) 
silty clay 1 0 ~ 1  with lime concretions of 2.4 mm size, 2-3 per 
cent; moderate foam ruba11gu1.r blocky; slightly bard when 
dry, friable when moist, sticky and plutic when wet; pH 8.0; 
only lims concntions dew-  with dilute wid; plentiful 
rda; clmr and amooth boundary. 
B1 15-59 V a y  dark gmyirh-brown (2.5 YR 312 both dry and m i s t )  
ailty clay loam with lime coacrc(iona of 2.6 mm ah, about 
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3.5 per cent by volume moderate coarse blocky structure with 
slickensides; hard when dry, firm when moist, sticky and 
plastic when wet; pH 8.5; only lkne concretions give slight 
effervescence with dilute acid; few roots; gradual and smooth 
boundary. 
B2 59-112 Very dark greyish-brown (2.5 YR 312 both dry and moist); 
silty clay with strong coarse blocky structure with lime concre- 
tions of irregular shape, 5-10 mm size, about 25-30% by vohme 
and prominent, slickensides; very hard when dry, very flm 
when wet; pH 8.2; lime concretions give effervescence with 
dilute acid; gradual and smooth boundary. 
C 112-155 Weathered chlorite schist of pale olive brown colour. 
Coane sand (%) 
Fine ~ n d  (%) 
Silt (%) 
Clay (%) 
Moisture equivalent (%) 
Water-holding capacity (%) 
pH (1:l) 
Organic carbon (%) 
C.E.C. me (%) 
Total Exch. Base me (%) 
Total Pa0, (%) 
Total KaO (%) 
Black Solls of Bellary District o j  kbrnataka. Groundnut is dso 
cultivated on black soils in Bellary district. The soils derived from calcareous 
gneissic rock and chlorite schists are deep to very deep, moderately well- 
drained, finetextured soils having an % horizon of 15-22 cm thick, grading 
to a structurally well-developed B-horizon of finer textured silty, clay 
or clay of subangular blocky to blocky structure with slickensides. The 
soil besides containing lime concretions gives violent effervescence with 
dilute acid. 
Horizon Depth (cm) Description 
Ap 0--20 Dark greyish brown (10 YR 312 dry and moist), silty clay loam 
with lime concretions, 2-6 mrn in size and about 15 % by volume; 
moderate and medium subangular blocky ntructure breaking 
into weak Bne granular structure; slightly hard when drlr 
friable, when moist sticky and plastic when wet; pH 8.0; strong 
effervmcwct with dilute HCI, plentiful roots; gradual and wavy 
boundary. 
Bl 24-37 Dark brown (10 YR 313 both dry and moist), silty clay 1- 
with lIma o o d n 8 ,  2-10 mm in &a about 10% by v o l m ;  
moderato medium subanpulu W y  8tructurc; hard when dry, 
Brm when moist, ~ t k k y  and p b t i c  when wet; pH 8.1; violent 
dervwxncs  with dilute HCI, few rectangular, gradual uld 
smooth boundary. 
B2-1 37-65 Dark brown (10 YR 313 both dry and moist), slity clay l o r n  
with llme concretions of2-10 mrn in sits about 15% by volume; 
moderate medium subangular blocky structure; hard when 
dry. finn when moist, very sticky and plartlc when wet; pH 8.5; 
violent efferveocencc with dilute HCI; very few roots; gradual 
and smooth bounduy. 
B2-2 65-125 Very dark greyish-brown (10 YR 312 both dry and moist) 
clay with lime concretions, of 2-10 mm dza and about 10% 
by volumo; strong medium blocky structure with slickensidw 
of the pod surface; hard when dry; 5rm when moist, very fiticky 
and plratk when wet; pH 8.8; violent effervsrena with dilute 
HCI. 
Cca 125+ Calcium carbonate concretions violently efluvaxencing with 
dilute HCI. 
Coma sand (%) 
Fine a n d  (%) 
Silt (X) 
Qay (%I 
Moisture equivalent (%) 
Water-holding capacity (%) 
pH (1 :2.4) 
O r m k  carbon (%I 
C.B.C. ma (%) 
Total Ex&. bur me (X) 
TOM P20s ( %) 
Totd KzO(%) 
Groundnut cultivation in lateritic soil anu is very much limited. The 
mils are generally deep to very deep, well drained and yellowih-brown to 
atrong brown in colour. The sdace soil with sandy loom texture g d a  to 
d y  clay loam and gravelly clay. The mvel wnainta of mostly fcrruginw 
concntiona of 1 to 5 mm &a and 50 to 60 per cent volume: Deraiption of 
8 typical lataitic boil profile from Kolu dirtrict, Kunrtaka a t e  ir u 
fObw8: 
Ap 0-20 LJ&t y o i l o w i r b - M  (10 YR 614 dry) to ctrms bruwn (7.5 
YR 516 moist) nody bun;  modamto medium gr~* .  pkatifd 
mu; clcu prrooth bouDduy. 
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01 20-56 Yellowish red (5 Y R  416 moist) sandy clay loam; moderate 
medim subangular blocky; firm when moist, sticky and 
slightly plaatic when wet; plentiful roots, clear wavy boundary. 
B2 56-92 Yellowish red (5 YR 416 moist) gravely clay with fermginous 
wacretions, 1-5 mm sizoand 50-64 per wnt by volume; structure- 
less; very firm when moist and sticky when wet. 
B3 92-121 Yellowish red (5 YR 516 moist) gravely clay with abundant 
fermginous and quartz gravel; very hard, finn and sticky. 
Description of a typical laterite soil of a groundnut-growing area of 
Sambalpur, Orissa, is given in the following pages. 
The Bandpalli series consists of well-drained, deep to very deep soils 
occumng on gently sloping uplands (Guda lands) in Sambalpur district, 
Orissa. The soil pedons have red to yellowish-red loamy sand to sandy 
loam. A horizon grading to red or dark red clay loam B underlain by 
massive unconsolidated C horizons. The mean annual precipitation varies 
from 1400 to 1700 mrn and mean annual temperature is about 2g0C. Band- 
palli series is a member of fine loamy, kaolinitic hyperthermic family of 
udic Rhodustalfs. 
Horizon Depth (cm) Description 
AP 0-19 Red (2.5 YR 416) loamy sand; weak fine subangular blocky; 
soft, friable, few fine long roots; few coarse common medium 
pores; rapid permeability; clear wavy boundary, pH 6.0. 
B31 t 19-47 Red (2.5 YR 416) sandy loam; weak medium to corase sub- 
angular blocky;slightly sticky; few fine and hard ferromanganere 
concretions; few fine roots; thin patchy clay skins on the 
root channels; few c o a m  and many medium pores; moderately 
rapid permeability; gradual smooth boundary; pH 6.2. 
B22 t 47-96 Red (2.5 YR 416) clay loam; weak medium subangular b l ~ k ~ ;  
hard, tlrm and sticky; common dark reddish-brown femgi- 
noys concretions; few fine medium roots; thin discontinuous 
clay skins; moderate permeability; gradual wavy boundary; 
pH 6.4. 
C1 96-150 Femginous gravel and quartz felspathic material. 
Analyrlcal Data 
Horizon Dspth ( ~ m )  ravel Sand Silt Clay Organic pH CEC (%) (%) (%) (%) carbon (1:2.5) me/100C (%I coil 
These soils are very poor in nutrients and have high phosphate-fixation 
capacity. Their calcium status is very low and liming is considered essential 
for attaining good yield of groundnut from these soils. They also have 
deficiency of many micronutrients like molybdenum, zinc, boron and copper 
which need to be applied to attain good yields. 
When groundnut is introduced in such soils for the first time inoculation 
with a suitable rhizobial culture and application of phosphate. is essential 
after l i n g  
Claeaification of Soil Climate Zones for Grmdnut Production 
Suitable agronomic practices for groundnut-growing areas in the country 
are very much dependent upon the climatic and soil conditions. Tempera- 
ture and rainfall are the two most important climatic factors which determine 
the fertilizer and other cultural practices that affect the yield of the crop. 
Besides nutrient level, physical soil factors, such as texture, structure, depth, 
topography and the moisture storage capacity of the soil, also affect the yield 
of the crops. Consequently, the suitability of these practices for different 
areas is, to a large measure, controlled by climate interacting with soil. It 
it thus important to describe soil climatic zones of the country in which 
groundnut is mostly grown. 
Krishnan and Mukhtiar Singh (1972) and Kanwar (1972) have described 
soil-climatic zones of India on the basis of soil superimposed with moisture 
indices and thermal indices. Taking the most efficient areas of production 
under a crop, they have divided the country into eight zones on the basis 
of moisture regime as indicated by the index: 
P - PET x 100 PET 
where P = Precipitation 
PET = Potential evapotranspiration 
Based on temperature index each moisture zone is subdivided into three 
thermal subzones. 
The accompanying map illustrates these eight zones: 
Zone I - 80-100 per cent moisture deficient 
Zone 2 - a 8 0  per cent moisture deficient 
Zone 3 - 40-60 per cent moisture deficient 
Zone 4 - 20-40 per cent moisture deficient 
Zone 5 - 0-20 per cent moisture deficient . 
Zone 6 - 0-50 per cent moisture excess 
Zone 7 - 50-1 10 per cent moisture excess 
Zone 8 - 100 per cent moisture excess 
Mean temperahu6 classes for sub-zones 
A - Above 28'C 
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B - 25'-28°C 
C - 20"-25°C 
Out of 8 zones groundnut is extensively grown in zones 2, 3,4 and to a 
small extent in zone 5.  
Zone 2. It is the zone of 60-80 per cent moisture deficit. It extends 
from southern parts of the Punjab and Haryana to Saurashtra. The tem- 
perature condition in this dry zone ranges from mild in the north to hot in 
the south. The zone also includes hot and very hot areas of Rayalaseema 
and Bellary-Bijapur. Groundnut is grown in the kharifseason in the north 
and rabi season in the south. 
Zone 3. It is a zone of 40-60 per cent moisture deficit. It extends from 
the Punjab in the north to Anantapur and Cuddapah districts of Andhra 
Pradesh in the south covering parts of eastern U.P., eastern Rajasthan and 
Punjab, Haryana and most of the Deccan plateau. It also includes sizable 
area of southern peninsula as separate pocket. The temperature condition 
in the zone varies from mild in the Punjab, Haryana and parts of U.P. to 
very hot in Andhra Pradesh and Tamil Nadu. 
Zone 4. It is a zone of 20-40 per cent moisture deficit. It runs as a 
narrow belt in northern Punjab, Haryana, and western U.P. and covers 
whole of eastern U.P. and extends up to Bhagalpur in Bihar. It occurs as 
narrow belt through western parts of Madhya Pradesh, north Maharashtra, 
north Andhra Pradesh and southern parts of Orissa. The temperature is 
mild except in Bihar, east U.P. and Maharashtra whereit is hot and in a 
small area in Andhra Pradesh where it is very hot. Another pocket of the 
zone lies between parts of Zone 3 and includes south Karnataka and adjoining 
parts of Tamil Nadu. The temperature condition of this pocket varies 
from mild in the west to very hot in the east. 
Zone 5. This is a zone of 0-20 per cent moisture deficit. It covers a 
very large area in the central part of the country covering most of Madhya 
Pradesh, south Bihar, Orissa and West Bengal The temperature in  northern 
part of this zone is mild and of the southern part hot. There is a small 
strip of this zone covering parts of Tanjavur and north Arcot in Tamil Nadu 
which is very hot. 
Groundnut crop is mostly grown in Zone 2 in parts of Gujarat. There 
are also sizable areas under this crop in Zones 3 and 4 in red and mixed red 
and black soils. The area under this crop in black soils is mostly in Zones 
2 and 3. The crop is practically absent in Zone I, the driest and the wet 
Zones 6 to 8. It is advantageous to grow this crop in the rub1 season in the 
southern and eastern parts of the country with irrigation. 
The ateas of high production for groundnut crop are parts of Tamil 
h d u ,  Andhra Radesb, Maharashtra, Karnataka and Gujarat. Groundnut 
md sorghum are being grown efficiently in the same climatic belts (4) and (51, 
but groundnut is more dominant in the red soil and sorghum in the black soil. 
ZonsMoidme 'Ibamal S o i l g ~ o ~ p  Distrkts included in the Important crops 
No. ddicit i n b  soilclimatic subzones 
pr0eat.p 
I 2 3 4 5 6 
2 M A M i  red aad bbck KumooI. Raichur. Mchbubnagar JOIFW (29). Groundout (14). Ria (6). 
mil &b (4) 
B Cmrtal and deltaic Kutcb, Jamnagar. Junagadh, Ragi (21, Groundnut (30). &im (23). 
duviviam Bhavanagar. Qjkot, Amrcli JOW (18). Cotton (9). Whut (3). 
Ti1 (2) 
B Medium and deep Bijapur, Gulbarga Jonm (45). Bajra (10). Cottoo (10). 
Mrlrroil Gmundnut (10). Wheat (4), fln(4). 
Linseed (2). Gram (2) I 3 
A M k d  Fed and black Khanmum. West Godavari, Krkhtm, 
roil cllddapah. NeDorr. Madurai, 
, T&li. 
A Akdimlaaddcrp Glmtur 
Msckroil 
B Rsdmii Hyaaab.4 Anrntrpm 
Li Jmra  (20). Ria (18b W m  (1% 
Groundnut (ll),W(6), c.ntOr (5). 
cotton (2) 
Ria (32). Jowm (19). GnxmdnuI (8). 
Cotton (5). W r a  (5). nl(4) 
War (241, JOIFW (19). Tobrm, (9). 
(a). -ut (1s) 
Jovm (21). Groundnut (13). R i a  (10). 
&r/m (9, Castor (5). Cotton (3). 
G-(2) 
Cotton 0, Bo/m (18). Jo- (15). 
Wbcat (9). Rice (5). Groundnut (4). 
Tobacco (3) 
- 
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The sorghum-groundnut crop complex zone covers most of the black 
cotton soil and red soil area. 
The groundnut-growing districts included in each such zone dong with 
thermal index, soil group and distribution of crops expressed as pot cent of 
the total crop and area in the region arc given in Table 2.7. 
3. NUTRIENT UPTAKE AND NUTRITION OF GROUNDNUT 
A. NITROGEN, PHOSPHORUS AND POTASSIUM 
NITROGEN, phosphorus and potassium are the three major nutrients for 
most of the plants and are applied in the form of fertilizers and groundnut 
is no exception. In this chapter the role of N, P and K in the nutrition of 
groundnut has been discussed. The responses to fertilizers are discussed in 
Chapter 4. For a study of fertilizer requirements of groundnut, information 
on the total nutrient removal by the crop from the soil would be very much 
helpful. Nijhawan (1962) analysed the results of fertiliser trials on ground- 
nut conducted at Samrala (Punjab) from 1952 to 1955 and computed average 
figure for total amount of nutrients uptake by various parts of groundnut 
plant, viz., kernel, shell, leaves and stalk except the roots which remain in 
the soil. Results are given in Table 3.1. 
Similar study was made by Collins and Morris (1942) for which the results 
are given in Table 3.2. 
Nutrient uptake 
Parts of the plant Yield ----- 
N P2OJ KIO CaO MgO 
-- - 
Kernels 1777 85.1 14.5 16.7 1.6 4.0 
Shells 892 11.3 0.9 8.1 2 .O l .2 
Leaves and stalk 5781 112.2 12.7 35.3 105.3 32.9 
Total 8450 208.6 28.1 60.1 108.9 38.1 
Nutrient uptake 
P W  of the plant Yield ------------------- 
N PzO, K,O CaO MgO 
Hay 4484 88.3 11.9 92.2 61.7 28.2 
Knnela 1435 63.1 14.5 12.2 1.2 4.5 
Hulls 807 5.2 0.9 11.1 3.1 1.2 
Total 6726 156.6 27.3 5 . 5  66.0 33.9 
The results from Punjab showed that the total uptake of nutrients by an 
average crop yield of 2670 kg of groundnut pods was 208 kg N, 28 kg P20,, 
60 kg KaO, 108 kg CaO and 38 kg MgO per hectare. Sirmlar results were 
reported by Collins and Morris (1942) as presented above. It is, therefore, 
evident that groundnut is a heavy feeder on nitrogen, potassium and 
calcium. It is also clear that about 54 per cent of total nitrogen, 39 per cent 
of potash and 76 per cent of calcium is removed by the leaves and stalks. 
If these are ploughed back an additional supply of 112 kg nitrogen, 13 kg 
P20S, 35 kg KaO and 105 kg Ca per hectare will be available annually to the 
soil. As the soil is not depleted by groundnut cultivation due to symbiotic 
fixationofnitrogen asdescribed earlier, such additional supplies will be of great 
help in maintaining the soil fertility. The groundnut plant could thus func- 
tion as a soil builder if the vegetative parts are ploughed back into the soil. 
Nitrogen. Being leguminous plant, groundnut may not respond to 
large applications of n i t row.  Nitrogen is, however, a major limiting factor 
in h e  proper growth of groundnut plant. The data presented in Tables 
(3.1 and 3.2) regarding nitrogen content of different parts of the crop indicate 
that relatively large quantities of nitrogen are translocated from the leaves 
to the developing fruit p6inting to the need for maintaining groundnut at a 
high level of nitrogen metabolism prior to the fruiting period. However, wn- 
siderable experimental evidence is available to indicate that applications 
of nitrogen in large quantities is not necessary, when the leguminous plants 
are inoculated with a good strain of nitrogen-fixing micro-organism. Res- 
ponse to added nitrogen has been reported when groundnut crop was not 
inoculated or the soil was rather poor. The effect of nitrogen application 
as a starter also needs to be appreciated. There is also not much experi- 
mental evidence whether the crop could effectively utilize the previous 
inoculum present in groundnut soils and increase its yield, Symbiotic 
nitrogen-fixation may ba inhibited in acid soils, hence response to nitrogenous 
fertilisers might be more pronounced on such soils. Most of the data on 
response to nitrogenous fertiliser available in the country is not accompanied 
with the soil data and information on inoculation, Some authors have 
Indicated that application of nitrogen to soils which am very low in organic 
matter may be uschl. Nitro* status in groundnut soils is no doubt as 
important as for any other crop but as far as response to added nitrogen 
in concerned, the previous history of the field and prcsmce of bracttrial 
cultures or proper Rhizobla is essential Nitrogen status of the mil ia also 
correlated with the disease infestation. Experiments at Georgia Expcrim~t 
Station showed that nitrogen applied to Spanish peanuts coueed a markd 
reduction in Southern mot-rot (Sclcrotksn row&) and the reduction in yield 
wan directly da ted  to the intensity of the di- These mults s~ggwt 
that in some cases the h & a l  e$ect of nitrogen may be due to its wcond- 
ary i d u e n a  in reducing the severity of the discam. In some c a m  tho 
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beneficial effect of nitrogenous fertilisers, like ammonium sulphate, is attri- 
butable to the supply of sulphur which is very important nutrient for this 
crop. 
Phoapbom. Young meristematic tissues contain considerable phos- 
phorus which is utilised in the growing region in the formation of nuclm- 
proteins and a number of other constituents. There is considerable incon- 
sistency regarding the responses of groundnut to phosphorus. Some workers 
have reported that phosphorus stimulates the setting of fruit and decreases 
the number of unfilled pods whereas others think that phosphorus hastens 
the maturity of groundnuts. Phosphorus requirement of the crop are not 
so high, as only a relatively small amount of this element, about 23 kg (Table 
3.1) is absorbed by the peanut plant. But realising that availability of 
phosphates applied to the soil hardly varies between 10-20per cent even in 
most soluble sources of phosphate, the need for early soluble sources of 
phosphate becomes evident particularly on soils extremely low in available 
phosphorus. The supply of calcium by phosphate fertilisers is also very 
important factor in the nutrition of this crop and cannot be ignored parti- 
cularly in soils of low pH with low calcium supply status. 
Potassium. Large amount of potassium is required by the groundnut 
crop. Though comparatively large amount of it is absorbed by the crop, 
the yield responses to applications of potash have been reported in very 
few cases in Indian soils. There are some reports that potash applied to 
groundnut may even be harmful if it is not applied properly. Experiments in 
North Carolina, USA, have shown that stand of the crop was adversely 
affected when muriate of potash or potassium metaphosphate was applied 
in the furrow beneath the seed. When potash was applied in the pegging 
zone or top-dressed, the yields decreased and a large number of unfilled 
pods or 'pops' were produced. The ~ractlce of applying potash to the top 
after the plants were grown has been found to be satisfactory in some areas 
in Virginia. It has been observed that no reduction in the stand of the crop 
occurred when K was applied in bands at least two inches to the side of the 
plant. 
B. CALCIUM 
Calcium requirements of the groundnut plant are quite heavy. An 
average crop removes about 97 kg Ca per hectare, therefore availability of 
this nutrient in the soil in adequate quantities is very essential for meeting 
the nutritional requirements of the crop especially in the case of acidic soils. 
Even in neutral and alkaline soils of sandy texture, calcium deficiency may 
become serious. The most redeeming factor in calcium nutrition of ground- 
nut crop is that responses to applications of calcium have been very consis- 
tent. Besides its requirements for good growth, a major function of 
calcium in groundnut nutritrion is the improvement in the quality of 
the nu@, as evidenced by lighter, h e r  shells and fewer unfilled pods. 
Factors Affecting Responses of Groundnut to Cdc lm 
Effect of Soil Characteristics 
( i )  Ca Content of Soils 
Calcium content of the soil and response to added calcium have been 
reported to be negatively correlated. Colwell and Rogers conducted 
trials at North Carolina Agricultural Experimental Station in USA. The 
soils contained low, medium and high amount of calcium. They observed 
that Ca content of the soils were directly correlated to the responses obtained 
to calcium. Greater the calcium wntent of the soil greater the yield. It 
will be seen that large increases in yields were obtained by the addition of 
gypsum to soils low in calcium and lowest in mils high incalcium. The 
results further showed that there was great need of application of gypsum 
to soils low in calcium. It ir also evident from these results that increases 
in yield obtained from gypsurn on low calcium soil may in part be due to 
the favourable effect of calcium on the shelling percentage which was very 
low in groundnuts grown in these soils without the application of gypsum. 
Colwell and Brady (1945) indicated that the Ca-deficient soils produced a 
large number of unfilled podsand that the yield incrcaseswith theappli- 
cations of Ca are due to the greater number of two cavity fruits and least 
number of unfilled pods formation. They also obtained very high responses 
by the application of lime to soils low in calcium. When the calcium wn- 
tent of the soil was increased from approximately 448 kg per hectare of 
CaC03 to 896 or 1008 kg by the application of l i e  the yield increased 
by 500 per cent. They rocommended a dose of 3360 kg of lime on soils 
low in calcium. However when the soil pH is increased beyond a certain 
point by liming, the micronutrient deficiencies may occur. Fred Asams 
and R.W. Peareon in a aeries of experimente conducted in USA concluded 
that a strongly acid (pH 5.0) sandy loam submid had no detrimental effect 
on the yields of groundnut crop. The mots appeared to be un&ted by 
the acidity. The experiments with acid subsoil in growth- chambers 
also showed no apparent detrimental effect on the roots. Experiments 
with nutrient aolution showed that the groundnut crop had a grater 
propensity for preferential absorption of lower vakncy ions to the exclusion 
of higher valency ions. Either or both of these phenomena could explain 
the greater tolerance of groundnut to lower pH. 
A nview on groundnut fertilization indicates that v u y  little work 
haa been done on the &cct of mpomm to Ca in Indian mils. It ia surmised 
that response8 to Ca may be most effsctive only if naeds of NPK an filly 
met. On the other hand, a high conantration of potassium in the soil 
sspecirlly in the fruiting zone may be harmfW because of its &act on fruit 
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quality, especially at  low calcium levels. Groundnut plant is heavy 
feeder of potassium and the plant may absorb considerably more of 
this element than is needed if soils are rich in this nutrient and thus alfect 
the pod filling due to lower availability of Ca and imbalance of Ca and 
K .  There may be a synergetic effect of phosphate addition on rea- 
ponses to calcium also. 
 stud)^ of effect of lime at Bangalore. Experiments were conducted at 
Bangalore Hebbal Agricultural Farm (Venkata Rao. 1960) for seven years 
from 1931 to 1937 to ascertain the influence of Ca in combination with 
the major plant nutrients, such as nitrogen, phosphoric acid and potash, 
which were applied at the rate of 11.2. 67.2 and 33.6 kg per hectare 
respectively. The soil in the experimental area was a red loam typical 
of the red loamy soils of Bangalore and kolar districts. where groundnut 
is grown. The soils were nearly neutral in reaction. low in exchangeable 
calcium and available phosphorus and contained moderate amounts of 
potash. The results are summarized in Table 3.3. 
TABLE 3.3. EFFECT OF LIME ON GROUNDNUT PODS (KG/HA)  
--- - - .. 
Control N P K  I1K P 
years ------- ------ - - - - - - -- - - - - - 
Lime N o  l ~ m e  Llme N o  l~me Lime N o  lime l lmc No lime 
The results show that treatment with lime alone increased the yield 
bf groundnut pods by over 10 per cent. Similarly phosphate treatment 
llone increased the yield by a similar amount. The combined application 
)f lime and phosphate increased the yield by over 20 per cent while the 
ldditions of nitrogen and potassium did not appear to enhance the yield to 
I ~ Y  appreciable extent over the effect of phosphate application. These 
esults clearly show the effect of calcium through liming on groundnut yields. 
h i s  practice would appear to be necessary, particularly in the red sandy 
ind sandy loam soils of Bangalore. Kolar and Tumkur districts where 
rroundnuts are widely grown and which are reported to be low in exchange- 
1Me cakium. 
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Results of similar experiments were reported by Venkata Rao and 
Govinda Rajan (1954) from Hebbal (Table 3.4). In these experimen~a. 
started in 1954, the effect of liming and superphosphate was studied on 
shelling percentage and oil content besides yields. 
TABLE 3.4. EFFECT OF LLME ALONE AND IN COMBINATION WITH PHOSPHAIE 
ON ME YIELD, SHELLING PER CENT AND OIL CONTENT 
- - 
Treatment Yield of  pods Shelling Oil Yields ul ~II I  
(kgiha) ( 9 , , )  (10) (kgiha) 
Control 569 76.5 48.6 171.2 
Lime at I12 kgiha 604 77.8 47.3 183.1 
Lime at 112 kg'ht~ + superphos- 
phatc at 136.6 kgiha 904 78.7 48.2 193.0 
Superphosphate alone at 136.6 kg/ha 739 77.5 47.5 227.0 
These results show that application of lime alone did not increase 
the yield of groundnut pods significantly. when it was combined will1 
phosphate which was a limiting factor, the yield increased by nearly 
50 per cent. Application of superphosphate alone also benefited thr 
crop significantly but the combination of phosphate and lime produceti 
the best results. It also improved the shelling percentage and total 
oil yield though oil percentage did not change much. 
( i i )  Exchangeable Calciltm Level of Soils 
Rogers (1948) pointed out that lime responses were more closely 
correlated with the exchangeable calcium level than with percentage 
calcium saturation in the soil. Colwell and Brady (1945) also found 
better correlation between response to calcium additions and exchangeable 
calcium levels than with percentage calcium saturation of the soil 
Rogers (1948) indicated that the critical level of exchangeable calcium 
for groundnut on Norfolk soils in Alabama, USA, was between 0.6 
and 0.8 me per 100 g of soil. It was also found that the availability 
of given amount of exchangeable calcium increased with decrease in the  
base-exchange capacity of the soil. 
Response to added calcium at Alabama to soils containing more 
than 0.7 me of calcium per 100 ceased but, at North Carolina, l~me 
application gave responses in the soils containing up to 1.40 me exchange- 
able calcium. The exchangeable calcium of the' soil in Alabama is 
lower because of the lower exchange capacity than those of North Caro- 
lina. It was concluded that increased availability of a given amount of 
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exchangeable calcium in soils depends upon base-exchange capacity 
of the soil and responses to 'added calcium are. therefore related to per- 
centage Ca in the base exchange. 
(iii) Effect of Type of Clay Mineral 
Mehlich and Colwell found that with equal concentrat~ons of 
calcium in sand-clay systems more calcium was absorbed from the kao- 
lonite or I : 1  type mineral than from the 2:l type bentonite. The effect 
of type of clay on calcium availability was also evidenced by the quality 
of the fruit produced. A high percentage of filled pods was produccd on 
kaolonitic colloids even at relat~vely low calcii~m levels. In the ben- 
tonite systems large amounts of calcii~ni required to producc fruit of 
similar quality. These workers observed that the uptake of' calcium from 
kaolonite systems was more directly related to the total calciunl present 
than to the degree of saturation. In the systems 01' 2:l type mineral thc 
absorption of calcium was found to be more directly related to the per- 
centage calcium saturation than to the total amount present. Mchlich 
and Reed (1947) using the percentage of filled nuts as a criterion of calcium 
availability, found that a small amount of calcium is much less erective in 
a soil high in organic colloids than in a soil in which the cation absorption 
capacity arises from kaolonitic type minerals. Greater amounts of calciu~n 
were needed for the production of good quality groundnut in soils high 
in  organic matter or in those containing a large percentage of 2:l type 
minerals. 
Mehlich and Reed studied correlation' systems with organic and 
mineral colloids, kaolonite, bentonite and mica. I t  was found that for 
any given level of exchangeable calcium. the quality of fruit was lowcr 
when produced in bentonite or mica and at any given cation-absorption 
capacity the percentage of well-filled pods increased with an increasing 
degree of calcium saturation. When the percentage calciun~ saturation 
was the same in two systems the higher the calciunl better was the quality 
of fruits produced. These workers, therefore, pointed out that both the 
percentage calcium saturation and total calcium are important in deter- 
mining the need of calcium in groundnut soils. Percentage of filled 
nuts has been used as a criterion of calcium availability. They also 
reported that a small amount of calcium is much less effective in a soil 
high in organic colloids than in soil in which the cation-absorption capacity 
arises from kaolonitic type mineral. Greater amounts of calcium. there- 
fore, may be needed for the production of good quality pods in soils high 
in  Organic matter or in those containing a large percentage of 2:1 type 
minerals. As indicated in the relevant chapter. the soil differences in the 
llatute of the wlloidal material are found in groundnut soils in different 
agoclimatic regions of India. Responses to added Ca have to be 
studied in the context of their relationships. 
Calcium Sources 
Important calcium-bearing materials most commonly used for 
groundnut are gypsum (CaSO4.2H20), calcitic limestone or slaked lime 
and dolomitic limestone. Paper mill waste and blast furnace surfacc 
stage could also be used. Brady (1947) emphasised the specificity of 
calcium as a nutrient for groundnut and showed that cations of a similar 
nature such as magnesium, cannot be effectively substituted for calciuln. 
If the primary objective in using lime for groundnut is to supply the nutrieni 
calcium it is important to select a material which is most effective i n  
meeting the calcium needs of various soil types and soil conditions. Or- 
dinarily the calcium needs of groundnut should be adequately met h) 
simple liming material. Neutral calcium salts such as gypsum supp 
lies calcium as well as sulphur. It has been reported that on very acid 
soils (below pH 5.0) groundnut may respond more to liming material 
than to additions of gypsum. Mann (1935) reported that the addition 
of lime to.acid soils (pH 5.3 and 4.5) resulted in large increase in nodu. 
lation while gypsum application reduced the nodulation. ground nu^ 
may absorb considerably more of K than is needed if the soil is rich 111 
this element. In such soils it is very desirable to reduce this luxury co~i- 
sumption of potash to offset the ill effect of potassium on fruit filling. The 
addition of lime to soils results in a decreased absorption of potash by t h e  
plant. On the other hand .there is evidence that gypsum may increase 
the uptake of K (Reed and Brady, 1948). Limestone, theoretically. 
therefore. may be more useful than gypsum for groundnut. This poini 
may be taken into consideration while applying calcium to K-deficierll 
soils. Limestone may be more useful in K-rich soils. Luxury consumptio~,l 
of K and subsequent accompanying il l  effect on fruit filling have to Ir 
avoided. However, on soils of extremely low-exchange capacity, it 
may be necessary to apply a soluble source of calcium in addition 10 
lime in order to supply adequate amounts of calcium. Dolomitic linle 
stone contains about 22 per cent magnesium but it adds l e a  than one-half 
amount of calcium to the soil to bring to a given pH as would be added 
when calcitic limestone is used. Therefore, when meeting the calcium rc- 
quirements of groundnut is the aim, it should be more deeirable to use 
a form of calcitic limestone rather than the one high in magnesium. Whel 
soils are low in magnesium content dolomitic limestone may be appliel! 
However, magnesium may be added from a fertilizer source or a mi: 
ture of calcitic and dolomitic limestone could be used in these soils. i i  
such a mixture is used, it has been recommended that the ratio of Ca !" 
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Mg in the liming material may be kept relatively high. Nunicrous trials 
have been conducted in USA to determine the most satisfactory mater- 
ials for groundnut. Rogers (1948) studied the effect of six sources of 
calcium on the yield of Spanish and runner type groundnut grown in a 
rotation with vetch. The lime materials were applied broadcast at two 
rates, 1680 and 3360 kg/ha to sandy soil. 
The results show that all of the calcium sources were found to be 
approximately equal in value when applied at the rate of 3360 kglha 
except the calcium silicate slag, which got comparatively low increase 
in  yield but it was also economical. Dolomitic limestone was found to 
be superior to calcitic lime in doses of 1680 and 3360 kglha. A d d ~ t i o ~ ~  
of paper mill waste gave maximum yield. The pH of the soil also increased 
maximum in this case. 
Placement of Calcium 
A review of trials on groundnut fertilisatio~i showed that very little 
work has been done on the placement of fertilisers as related to yield 
responses. Studies by Burkburt and Collins (1941) on the placement ol' Ca 
have shown that very high percentage of the calcium absorbed by the 
gtoundnut roots is immobilised in the leaves and very little is translocated 
to the gynophores. Brady (1947) also demonstrated the importance of 
proper placement of calcium. He showed that large number of 
well-developed pods were formed on the side of the plant to which calcium 
was supplied but only few healthy fruits were produced on the other side, 
in a medium, which had not been supplied directly with calcium. Thib 
clearly indicated that calcium is not freely translocated from one part of 
the plant to the other. As discussed earlier. groundnut has a special 
feature as to the mode of translocation of Ca and some other nutrientb. 
Harris (1949) using radio-active elements showed that phosphorus, calcium 
and cobalt are directly absorbed by the developing fruits and are then 
translocated to other vegetative parts. the niovement of nutrients in 
this case being to the opposite direction. It was found that translocatio~l 
of calcium was more from pods to vegetative parts and less from the 
latter to  the former. Experiments conducted by Bledsoe (1949. 1950) 
show that radio-active calcium taken up by the roots moved to the 
various parts of plants but only a trace of it got translocated to the 
gynophores and the fruits while calcium applied to the fruiting zone was 
readily absorbed and a substantial portion also moved back into other 
parts of the plant. Wiersum (1951) stated that the cause of the absence 
of transfer of calcium from the stem to the fruit could be that under nornlal 
field conditions the water or the nutrient solution in grou~~dnut does not 
move @rough the xylem from stem to fruit. A good supply of calcium 
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is, therefore, very necessary in the zone of pod development as nutrients 
particularly calcium required for pod development are absorbed 
directly by the pegs and developing fruits. Calcium also plays an 
important role in the development of kernel. When calcium is 
absent from the fruiting medium only one per cent of the gynophores were 
produced. Haris (1949) and Brady et al. (1948) stated that out of 
the various nutrients added to the fruiting zone only Ca increased frui~ 
filling. Vegetative growth, fruit production and increased fruit produc- 
tion and mineral composition of plant parts all were adversely affected 
when any of the major nutrient was lacking in the root zone but when 
Ca was withheld from the fruiting medium only fruit production was 
affected. Application of the various nutrients to the fruiting zone only 
withholding from the roots, never the less, manifested in all the impor- 
tant deficiency symptoms. Presence of nutrients in fruiting as well as 
rooting zone is, therefore, necessary. Burkhurt and Collins (1941) found 
that the presence of calcium in the fruiting medium had a definite favour- 
able effect on fruit filling, and size and weight of kernel. The presence of 
potassium alone in the fruiting medium had a definite unfavourable effec~ 
on the fruit quality irrespective of the nature of the rooting zone. The 
quality improved when calcium was also added alongwith potassium (Harria 
1949). Results of experiments to study the effect of application of 
calcium to soil giving low yields on account of production of a very 
high percentage of unfilled fruits have been reported by Shibuya and 
Suzhuki (1954). They showed that withholding Ca resulted in 70 per 
cent unfilled pods. Calcium applied to the fruiting and rooting zones of 
plants gave 100 per cent filled pods. When calcium was applied to thc 
fruiting zone alone and the rooting zone alone, the percentage of unfilled 
pods was about 20 per cent and 30 per cent respectively of the total number. 
The percentage of light groundnuts harvested has been stated to be an 
index to the lime requirements of the soil. Harris (1949) observed that 
application of gypsum, between I5 and 35 days after the penetration of the 
gynophores into the soil, in the top layer of 3 cm where most of the pods 
are formed had the greatest effect on the percentage of developed pods. 
Ca also encourages root growth. The effect on the root development 
etudied by Ali Mohammed et al. (1932) has already been discussed. 
Adequate amount of calcium in the fruiting as well as root zones, there- 
fore, is very important for development of the plant, high yield and good 
quality crop. Colwell and Brady (1945) emphasised the importance of 
proper placement of calcium containing materials for groundnu t i 11 
soils low in calcium when gypsum was applied to tk fruiting and root 
zone. 
The results show that increase in well-filled pods, shelling percentage 
and yields was greater when gypsum was applied to the fruiting zone. 
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When it was applied to rooting zone only it did not nieet the demands of 
developing fruit. It was because calcium was absorbed directly by the 
developing gynophores and, therefore, for proper kernel development 
it is very important that sufficient quantities of calcium are present in 
the fruiting as well as in root zone. 
The best method of applying gypsum to groundnut is by dusting 
on the plant at the early flowering stage when it falls around the plant 
and reaches the zone of pod formation. This is also the time when the 
need for calcium is the greatest. It also ensures uniform distribution 
throughout the zone of fruit formation. Since there is little residual effect, 
normal application of gypsum, 336 to 672 kg/ha in acid soils is nece- 
ssary for meeting the calcium requirement of groundnut. However, Col- 
well and Brady (1945) indicated that application of lime in rows during 
sowing operations is inferior to gypsum. They recommended 1120 
to 1680 kg of lime applied broadcast every two to four years, depending 
upon soil and other characteristics. Lime is broadcast after the land 
has been ploughed before the crop is sown. Calcium gets concentrated 
on the surface layer where it is needed for the developing pods. In this 
way small amounts of lime every year immediately before the crop is 
sown should be applied in rotation. There is another advantage of yearly 
applications. Depending upon pH of the soil and Ca content yearly appli- 
cations supply required quantities of calcium without increasing the pH 
heyond the level where certain minor element deficiencies are encoun- 
tered. For acid soils which are low in exchange calcium doses varying 
from 448 to 672 kg/ha have been recommended in different soils depending 
upon the pH of the soil. Gypsum is usually applied broadcast and thorou- 
ghly mixed in the soil. 
Effect of Application of Gypsum 
In India very limited amount of work has been done on the effect of 
gypsum or other calcium salts on groundnut. The earliest experiments 
reported by Dalal, Kanwar and Saini (1?63) have been discuased else- 
where. A number of trials were conducted at different places in 1968 to 
1970 to see the effect of gypsum on yield, shelling percentage and other 
ancillary character contributing to yield. Important results are dis- 
cussed below: 
Gujarat State 
Experiments were conducted in 1968-69 and 1969-70 to study the 
effect of gypsum on the crop on the medium black soils of Gujarat. The 
treatments were : 
(A) Diammonium phosphate + Gypsum 
(B) Ammonium sulphate + single euperphoephate 
(C) Diammonium phosphate 
(D) Control 
Doses of fertiliser were 30 kg and 74 kg of diammonium phosphate 
and 50 kg and 123.6 kg of gypsum in 1968-69 and 1969-70 respectively. 
Equivalent amount of ammonium sulphate and superphosphate 
were used on the basis of S and Ca. The results are given in Tables 
3.5 and 3.6. 
TABLB 3.5. RESULTS OF APPLICATION OF GYPSUM ON QROUNDNUT 
DURING 1968-69 (KHARIF) 
Treatments Yield (kglha) Shelling Pods out of 100 Weight of 
(%) - -- 
Pods Kernels Developed Undeve- 100 pods 1000 kernel( 
l o ~ d  (B) (g) 
A 748 514 68.66 79 2 1 107 383 
D 739 500 77.62 84 16 I OR 415 
C 733 509 69.48 86 14 117 397 
B 700 488 69.70 96 14 124 395 
C.D. 
T A B L ~  3.6. RESULTS OF APPLICATION OF GYPSUM ON QROUNDNUT 
IN 1969-70 
Treatments Yield of Shelling 1000 pods 1000 ker- Pods out of 100 
pods (96) wt nels wt - - - -  
(kgiha) (kg) (kg) developed undevelop- 
ed 
B 498 69.5 1.125 0.391 87 13 
C 467 70.2 1.082 0.375 82 I8 
A 420 69.0 1.083 0.380 84 16 
D 395 69.4 1.079 0.398 85 I5 
- 
The results in both the years show that no significant difference5 
were observed between treatments on yield, shelling percentage and other 
ancillary characters. Information on the total exchangeable Ca and 
saturation perantage of Ca in the base exchange capacity of the soil 
was not available to interpret the results. 
Karnataka Slate 
An experiment was conducted in 1969 af Raichur (Kornataka) on 
black soil to find out the effect of calcium as m u m  on the pod for- 
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mation and yield of groundnut crop. The treatments were : 
(A) Control 
(B) 400 kg gypsum--every year 
(C) 800 kg gypsum-every year 
(D) 400 kg gypsum-alternate year 
(E) 800 kg gypsum-alternate year 
(F) 1200 kg gypsum-alternate year 
(G) 1600 kg gypsum-alternate year 
A basal dose of NzoP,oK,o was used. The gypsum was iricorporated 
into the soil by broadcasting. The yield data are presented in Table 3.7. 
TABLE 3.7. YIELD DATA OF GROUNDNUT PODS IN KG 
Trcatrncnt Yield (ky/ha)  
400 kg/ha of gypsum Every year 
400 ., Alternate year 
800 ,, Every year 
800 .. Alternate yeal- 
1200 ,, Alternate year 
1600 ,, Alternate year 
Control 
(Basal dose) 
The results show that none of the treatments had any significant 
effect on the yield of crop though application of gypsum at the rate of 
1200 kglha in alternate year gave the highest yield. 
Madhya Pradesh 
An experiment was conducted in black so,ls at Khargonc, Madhya 
Pradesh, to study the response of gypsum in the presence of' N and P. 
The followrng treatments were used: 
(A) Nlo GI,.5, (10 kg N as urea, 14.53 kg Ca as gypsum) 
(8) Nlo Pzo (Urea + superphosphate) 
(C) Nlo Calr.,o S,,., (Urea + CaC03 + Sulphur 11.2 kg) 
(D) Nlo S11.2 (Urea + Sulphur) 
(E) Control 
The resulk are given in Table 3.8. 
It was observed that gypsum produced an additional yield of 488 
kg/ha over control. The contribution by gypsum as a source of sulphur 
151 kg over the NP treatment. The differences however were not 
dgnificmt. 
Treatment Average yield 
(kgiha) 
N G 
NP 
N CaS 
NS 
Control 
-- 
C.D. at 5'!/, 219.626 
C. SULPHUR 
Sulphur is one of the 16 nutrient elements essential for growth of 
groundnut plants. Along with nitrogen and phosphorus, it plays an 
impoitant role in the formation of proteins and is involved in the meta- 
bolic and enzymic processes of all living cells. Two sulphur bearing 
amino acids, cystine and methionine are of particular importance for the 
synthesis of plant proteins. It also forms biologically important compounds 
like thiourea and plant regulators like thiamin, biotin and glutamin 
which help in the biological oxidation-reduction processes. Likewise, 
it plays a vital role in chlorophyll formation since it has been observed 
that sulphur-deficient plants contain as little as 40 to 60 per cent chloro- 
phyll' in comparison with those receiving normal amounts of sulphur. 
Oilseed crops, in general, have high sulphur requirements because 
oil storage organs are quite rich in proteins. The data available on 
the requirements of different crops for sulphur is scanty, especially inform- 
ation on the minimum sulphur content of groundnut soils required for 
high yield is lacking. Greenland and Nye found sulphur deficiency in 
groundnut in certain soils of Nigeria and Goldcoast (Ghana). They 
further showed that ordinary superphosphate consistently gave highe 
yields than ammonium phosphate and that sulphur content of the fertilizer 
accounted for the higher yields. They also indicated that chlorotic plants 
dusted with gypsum recovered the vigour. 
Dalal and Kanwar (1963) while analysing the data of field experi- 
ments on groundnut concluded that raponam to ammonium sulphate 
in the sandy soils of Samrala were mainly due to sulphate content of 
the fertilizer. The sulphur content of various fertilizers is given in Table 
3.9. 
Similar responses were obtained when ~ypsum which supplied 
sulphate and calcium both or single superphospbatt which supplied P, S 
and Ca were applied. Sulphur deficiency in groundnut soils of Ludhiana 
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Ammonium sulphate 
Ammonium phosphate sulphate 
Ammonium sulphate nitrate 
Superphosphate (Single) 
Potassium magnesium sulphate 
Potassium sulphate 
Gypsum (CaSO,) 
Gypsum (CaSO, 2H20) 
23.7 pet cent 
15.4 ,. 
15.1 .. 
12.1 ,, 
2 . 7  .. 
17.2 .. 
3 . 5  ,. 
18.6 .. 
(Punjab) was reported by Kanwar and Mohan (1964). They found that 
the soils were mostly fine sandy loam or loamy-sand and i n  75 per cent 
cases there waa extreme deficiency of available sulphur. It was thus 
considered that there was a likelihood of good responsc of groundnut 
to sulphur application in these areas and field trials conducted later 
confirmed this view. The beneficial effect of sulphur as platlt nutrient 
in fertilizers like ammonium sulphate and single superphosphate has 
been stressed by Mehring and Bennet (1950). Jordan and Ensminger 
(1960) reported that in Minnesota (USA) in sulphur-deticient areas the 
plots treated with gypsum yielded about 200 per cent more as comparcd 
to the plots receiving no gypsum. 
The uptake of sulphur by groundnut plant fro111 the sod is generally 
in the form of sulphate, though simple forms of organic sulphur in very 
small quantities are also taken up. The availability of sulphur to plants, 
therefore, depends on the ability of the soil to supply suflicient soluble 
sulphate, the rate at which other forms of sulphur become soluble and the 
rate of mineralisation of organic sulphur. 
TO assess the availability of various forms of sulphur to groundnut, 
pot-culture experiments were conducted by Chopra and Kanwar (1966) 
with Ludhiana sandy-loam soil. Correlation coefficients were calculated 
between different forms of sulphur, sulphur uptake and yield of groundnut 
and are given in Table 3.10. 
TABLE 3.10. CORRELATION BETWEEN DIFFERENT FORMS OF SUL.PHUR, 
SULPHUR UPTAKE AND YIELD OF GROUNDNUT 
Correlation Coefficient 
-- - - .- 
Forms Sulphur uptake Yield 
Sulphate sulphur +0.74 +0.80 
Water-solution sulphur +0.80 +0.82 
Heat-solution sulphur +0.97 +0.96 
These results show that heat-soluble sulphur, sulphate sulphur 
and water-soluble sulphur were correlated with the yield, the highest 
correlation being with heat-soluble sulphur. The relationship between 
yield and heat-soluble sulphur is of curvilinear nature. 
An amount of less than 10 ppm of heat-soluble sulphur can be 
taken as a critical limit for available sulphur in soils for groundnut. 
Soils containing less than this amount are likely to respond to the applica- 
tion of fertilizers containing sulphur. Gypsum (CaSO,. 2H20) could 
be used as a source of supply of sulphur to plants if fertilizers supplying 
NPK do not contain any sulphur. 
Effect of Sulphur on the yield of Crops 
Very little work has been done in India on the yield responses to 
sulphur applied as fertilizer. In Punjab, Kanwar (1963) recorded 
that 75 per cent of soil samples collected from groundnut soils of six villages 
of Samrala (Ludhiana district) were deficient in available sulphur as 
would be seen from Table 3.1 1. 
TABLE 3.11. SULPHUR STATUS OF SOILS OF GROUNDNUT-GROWING ARRAS OF 
LUDHIANA 
- - 
Range of available S Available sulphur M a n  pewtape of 
supply status soil sample 
0-15 ppm 
5-10 ppm 
10.15 ppm 
20 PPm 
Highly deficient 22.5 per cent 
Deficient 52.5 per cent 
Satisfactory 17.3 per cent 
Good 7.5 per cent 
It is seen that groundnut soils in Punjab are mostly deficient in  
available sulphur. These soils therefore respond to application of ferti- 
lisers containing sulphur. The equal responses obtained to sulphur 
containing fertilizers such as ammonium sulphate and single superphos- 
phate were explained on the basis of their sulphate content (Dalal et al. 
1963). These authors obeerved that the yields of groundnut increase 
by 34 per cent with the application of ammonium sulphate, 46 per cent 
with superphosphate and 41 per cent with gypsum over the control (Table 
3.12). They found that most economical source of sulphur was gypsum. 
They recommended the use of gypsum for fertilisation of groundnut in 
these soils where P is not deficient and superphosphate where P is also 
deficient. 
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TABLE 3.12. E F ~ T  OF DIFFERENT TREATMENTS ON THE YIELD OF GROUNDNUT 
Treatment 
Mean re\potlac over control 
- . . - . .. 
- -  . . . ~  
Average of 3 year.; Percenlage 
(kg:ha) 
Control 1178 - 
Ammonium sulphate 401 34 
Ammonium chloride 247 2 I 
Superphosphate (Single) 542 4 (I 
Superphosphate (Triple) 373 32 
Gypsum 483 .I I 
('alcium chloride 306 3 1  
The uptake of various nutrients (iticluding sulphur) as iitfected by 
application of different kinds of fertilizers is given in Table 3.13. 
TABLE 3.13. EFFECT OF FERTILIZERS ON THE UP.TAKE 01: NUTRIENT I N  
GROUNDNUT CROP 
Conlrol 
Ammonium sulphalc 
Ammonium chloride 
Superphosphate (Single) 
Superphosphate (Triple) 
Gypsum 
Calcium chloride 
These data show that application of ammonium sulphate, single 
superphosphate and gypsum increased sulphur content in Ihc plants. the 
highest amount of sulphur becoming available to the crop when gypsum 
was applied. Likewise, the percentage of N was higher in plants with 
nitrogenous fertilizers. phosphorus with phosphate fertilizers and calcitrm 
with superphosphate (single), gypsum and calcium chloride. Thus, it 
is evident that higher yield responses with gypsum and superphosphate 
(single) wen  mainly because S, Ca, and P requirement of groundnut 
had been fully met. 
Pot-culture experiments were carried by Chopra and Kanwar (1966) 
on Ludhiana sandy-loam soil (pH 7.8) with 100 ppm (S,) and 2.00 PPm 
(S2) sulphur applied alone and in combinationwith N, P and K. The 
results are given in Table 3.14. 
TABLE 3.14. EFFECT OF DIFFERENT TREATMBNTS ON YIELD AND SULPHUR 
UPTAKE OF GROUNDNUT 
Wright of groundnut (g) Sulphur uptake 
Treatment (Mean of 4 replicates) (mg/pot) 
- . 
so S I S2 s o  Sl S2 
No fertilizer 34.5 35.0 35.6 15.2 15.4 16.1 
N (50 ppm) 38.9 39.0 45.2 17.3 17.8 18.0 
N+ P (50,100 P P ~ )  40.8 45.0 50.5 28.5 20.9 24.0 
N . t  P+K (50, 100. 50 ppm) 43.9 48.2 52.8 20.5 22.5 26.1 
The results show significant yield increase by the application of 
sulphur with N, NP and NPK. The response increased with higher dose of 
sulphur. The response to nitrogen and sulphur was, however, not significant. 
Sulphur uptake was also higher when it was applied with the treatments 
NP and NPK, the increase being greater with higher dose of sulphur. 
The application of sulphur and nitrogen alone did not show significant 
effect on the uptake of sulphur. This is possibly on account of higher 
production of groundnut resulting from the application of NP and PK 
which in turn led to increase in the requirements of sulphur. There is 
thus a need for application of sulphur while applying higher doses of 
fertilizers to ensure that sulphur deficiency does not become a limihng 
factor under conditions of high fertility. 
Chopra and Kanwar (1966) also observed that sulphur fertiliza- 
tion not only increased the yield but also improved the quality of ground- 
nut as is evident from the data in Table 3.15. 
TABLB 3.1 5. EFFECT OF SULPHUR IN YIELD AND CHEMICAL COMBINATION OF 
GROUNDNUT 1 
Sulphur applied Weight of  Protein Cysteic Methionine Oil 
nuts (%) acid (mglg N) (%) 
(eiwr) (me/# N) 
Control (NPK) 
50 PPm 
100 ppm 
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These results clearly indicate the beneficial effect of sulphur 011 
protein, oil content, cysteic acid and methionine content of groundnuts. 
Groundnut like other legumes is also very responsibe to the apphca- 
tion of micronutrients, The response is high in soils deficient or niargilial 
- 
in some of the micrountrients like zinc, boron. molybdenum and copper. 
The deficiencies of maganese and iron are generally moderiite to low. 
depending upon the soil. 
Not much systematic work has been done o ~ i  the responses to nllcro- 
nutrients in groundnut in India but some of the results reported hy the 
All-India Co-ordinated Micronutricnt Project and ac;i~lahIe from tlitferetit 
centres which are very pertinent are reported here. 
Responses to Zinc 
In a replicated experiment on wheat-groirndnut rotation in a sandy 
loam soil of Punjab Agricultural University, 1.udhiana. ~ i n c  was 
applied in the form of zinc sulphate at the rate or 0, 2.8. 5.6 and 11.2 
kg,ha directly to wheat and the residual efTect was studied on groundnut. 
The yield data of 5 years from 1972-76 is given i n  Table 3.16. 
TABLE 3.16. RESPONSE OF GROUNDNUT rO RFSII)UAI I t V t L S  0 1  LINC 
APPLIED TO WHEAT IN WHEAT-GH0UNI)NUT ROTATION (LUDHIANA 1972-76) 
Zn 'iclded (kg  h a )  
Lear - - -  -- - - -- - - - - - -- 
0 2 X 5 h I I ?  
Mean 
Source: Annrtnl Reports, All.lndia Co.ordinated Mcrorutrienl Schemc 
From these results it may be observed that in the first and second years 
the response to 2.8 kg zinc was 3.2 and 2.2q,'ha and it also increased further 
with higher rate of zinc application. In subsequent years. however. 
the differences became smaller though still the effect of 7inc was notice- 
able. 
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In 49 field trials conducted in Andhra Pradah on cultivators. 
fields, it was observed that 50 kg ZnSO,, on an average, gave a yield 
increase of 1.9 to 6.2 qlha. 
TABLE 3.1 7. RESPONSE OF GROUNDNUT TO ZlNC APPLICATION 
(ANDHRA PRADESH 1972-73) 
Place 
No. o f  Increase in yield over control (q/hd) 
experi- ------- -- 
menis Range Mean 
- - 
Nizamabad 8 3.1-5.9 4.4 
Nargonda 8 2.7-7.6 6.2 
Kurnool 5 2.6-8.3 5.1 
Anantapur I5 1.6-12.1 4.1 
Guntur 8 1.6--6.7 3.9 
Chittoor 5 1.0-3.1 I .Y 
Source: Annrtul Repor~s, All-India Co-ordinated Micronutrient Scheme 
Takkar and associates (1975) reported that in another experiment 
conducted from 1970 to 1972 on Ludhiana sandy loam soil the residual 
effect of zinc on groundnut was highly significant as is evident from the 
data in Table 3.18. 
T ~ L E  3.18. DIRECT AND RESIDUAL EFFECT OF APPLIED ZINC ON YIELD, 
ZlNC CONCENTRATION AND TOTAL UPTAKE OF ZINC BY GROUNDNUT CROP 
AND AVAILABLE ZlNC STATUS OF SOILS 
Level o f  Zn Yield Zn concentration Zn uptake Available Zn 
applied (kglha) (qlha) ( P P ~ )  (kglha) in soils 
LSD @ 5 %  2.3 3.7 15.7 14.2 
The zinc content in the plants and zinc uptake also showed the 
same beneficial effect. The available zinc content of the soil aha showed 
the beneficial residual effect. The authom . concluded that applica- 
tion of zinc to wheat and its residud effect 'on groundnut is highly 
beneficial. 
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R e s p o n w ~  to Otkr Micronutrients 
Sekhon and associates (1978) studied the nutrient rtatus of groundnut 
from 5 selected villages of Ludhiana and Kapurthala districts of 
Punjab. They observed that major nutrient deficiencies were B>K>S 
>Zn>P>Mn:.Cu. The inherent deficiency of these nutrients explained 
the low nutrient status in the plants (Table 3.19). 
TABLB 3.19. DISTRIBUTION OF OROUNDNUT SAMPLES COLLBCTED FROM 
LUDHIANA AND KAPURTWLA DISTRICT OF PUNJAB INTO VAIUOUS 
CA'RGORIBS OF NUTRIBNT DBPICIBNCY (TOTAL SAMPLES 360) 
(SBKHON AND ASSOCIATES, 1978) 
- 
Percentage of samples in each category 
Nutrient -- - 
Deficient Sufficient High 
The .same authors reported the following ranges of nutrient concon- 
tration at  different stages of crop growth (Table 3.20). 
TAFILB 3.20, RANGES AND AVBRAGB CONCENTRATION OF NUTRIENTS AT 
DIFFERENT STAGES OF CROP GROW'III 
Nutrient 
-- 
Vegetative stage 
-.---- 
Range Mean 
0.10 -0.46 0.23 
0.30 -2.9 I .OS 
0.70-2.34 1.61 
0.35 -1.10 0.66 
5.0 -55.0 17.7 
1.25 -18.0 6.3 
33.0 - 150.0 70.0 
19.0 - 183.0 52.0 
6.5 -24.0 19.0 
Fruiting stage 
Range Mean 
It shows very widespread deficiency of K, P, S, Zn and B in ground- 
nut in both these districts. The responsca to the application of these 
nutrients are evident from the data of field experiments (Table 3.21). 
TABLE 3.21. EFFECT OF DlFPaRaNT NUTRIENTS ON GROUNDNUT IN 
SLDHWAN SONA, KAPURTHALA DISTRICT, AND KBDDON, LUDHIANA DISTRICT 
Sidhwan Sona. Kapurthala district Keddon, Ludhiana district 
- -- - - -  - . -- - - - - - - 
Treatment Pod yield (qiha) Treatment Pod yield (qiha) 
P K Z n B  13.9 B P Z n K  14.4 B = 0.5 kg boraxlha 
P Z n B  13.8 B Zn 11.6 P - 40 kg P2051ha 
P K Z n  11.0 B K 11.5 K = 25 kg K,O/ha 
P K B  5.5 B P 9.1 Zn - 25 kg ZIISO,~ 
ha 
K B Zn 7.4 B 8.6 
B K 7.2 Control 8.2 
Control 8.5 
From these results it is evident that response to Zn, P, B, and K are 
very marked. Good responses to boron have also been reported from 
Gujarat an4 Maharashtra. 
Saini and F i a t -  (1975) reported that 3 years data of field experi- 
ments from Ludhiana showed that molybdenum, manganese and zinc 
increased the pod yield by an average of 8.6, 10.3 and 12.3 per cent. 
They also improved oil content. Muthuswamy and Sundararajan (1973) 
from Tamil Nadu reported that boron treatment inaeaeed the yield of 
groundnut significantly. Yadahalli and associates (1970) reported that 
application of boron, zinc and Ca on red sandy mils of village Raddi 
Timmapur, Bijapur district of Karnataka on cultivators fields increased 
the yield of groundnut by 25.7, 32.7 and 35.9 per cent mpectively. These 
increases were obtained over and above the effect of phosphate and 
manure. 
4. FERTILIZER RESPONSES 
Realising the importance of the groundnut crop in the economy 
of Indian agriculture and the inadequacy of the information on ferti- 
lizer rtsponses particularly under farmers' conditions. ICAR planned 
simple experiments on cultivators' fields under the All-India Co-ordinated 
Agronomic Experiments. 
T h e  experiments were started from 1958-59. They can be grouped 
into six broad categories or series. The results of these experiments are 
presented and discussed in this chapter. 
First Series of Experiments (1958-62) 
This series consisted of three types of simple experiments to study 
the effect of N, P and K on groundnut. The expriments were conducted 
under cultivator's conditions: 
T y p A  : 0 ,  N, P, K. NP, NK. PK, NPK 
T y v B  : 0, Nl, N'l, N.1, NZ. N'2. N', 
Type C : 0, PI, P',. P., P',, NIPl. N2P2 
The levels of nutrients studied were 22.4 and 44.8 kg/ha for nitrogen, 
33.6 and 67.2 kg/ha for phosphorus and 33.6 kg/ha for potash. In 
Type A trials only the lower level of N and P were included. These trials 
were conducted during 1959-60 to 1961-62 in 34 districts located in six soil 
types covering seven states. 
Second Series of Experiments (1%2-67) 
Since the results of the above series of trials were found very useful. 
the scope of the trials was enlarged and a more elaborately planned 
series of trials were taken up in which certain selected combinations of 
three levels each of N, P and K were studied so as to enable estimation 
of response curves and surface of these nutrients. The types of trials 
and treatments in this series were as follows: 
A-I : 0. Nl, N2. PI, NIPl, N2Pn N ~ P z K I  
A-I1 : 0. NI, PI,  P2, NI,PI, NIP2. Nz,Pl, NzPzKz 
A-111 : 0, N,, Kt,  K2. NIKI, NIK2, N2Kz. NIPIKI 
The levels of fertilizers studied were 0. I5 and 30 kg/ha of nitrogen 
while for P and K. the levels tried were 0. 30 and 60 kg P205 and K20 per 
hectare under irrigated conditions and 0, 20 and 40 kg/ha under uninigat- 
ed conditions. This series of trials was conducted during 1962 to 1967 , 
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in 46 districts located in nine soils covering eight states. Apart from 
determining the responses to N, P and K, a study of economics of 
fertilizer application and the optimum fertilizer requirements of the crop 
in the different regions was also made with the help of the data so obtained. 
Third Series of Experiments (1967-70) 
In the trials of this series, 2 levels of N, 2 levels of P205 and 2 
levels of K20 were tried using one check plot. 
Treatments: 0, NI,  N2. PI, NI PI, N2P1. Nl P2. NIP2, N2P2KI. N2P2K2 
The levels of N were IS and 30 kglha and those of P20S and K20 
each were 30 and 60 kg/ha. The trials in this series were initiated in 
1967-68 and continued till 1969-70. These trials were conducted in 16 dis- 
tricts in nine soil types covering nine districts. 
Fourth Series of Experiments under Dry Farming (1970-72) 
The programme of trials in this series was initiated in kliariJ 1970-71 
with the following treatments under dry farming conditions: 
Treatments: 0, Nl, N2, PI, P2. NIPI, N2P1, NIP2, N2P2, N2P2KI 
The levels of N and P were 0, 20, 40 kg/ha respectively while potash 
was tried at 40 kg K,O/ha. These experiments were continued in 1971-72 
and covered five districts in as many soil types and states. 
Fifth Series of Experiments Under Dry Farming (1972-77) 
The programme of experiments on groundnut grown under dry farm- 
ing conditions was modified in 1972-73 to study response to nitrogen and 
phosphorus and their various combinations over a wide range of doses. 
It was also intended to determine whether application of potash over N 
and P was beneficial to groundnut under dry conditions. The treatmento 
were as follows: 
Treatments: 0, N2, P2, NtP2, N2P2, N,P2, N2P1, N2P3, N3P3, 
N2P2KI where levels of N were IS, 30 and 45 kg, P205, 20, 40 and 60 kg/ha 
and K20 only 30 kglha. This series of experiments was continued up 
to 197677 covering ten districts in five soils. 
Sixth Series of Experiments to Study Crop Substitotion with Crowdnut 
(19n-77) 
An important aspect of cultivation of groundnut crop is the feasi- 
bility of its being more remunerative to the cultivator compared to other 
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oils& like sunflower under dry farming conditions. This aspect wae 
studied by a simple two-crop trial with recommended fertilizer practices. 
Another treatment included was groundnut crop grown with citltivator's 
own practice. These trials were conducted during 1972-73 and 1973-74 
in 14 districts covering six soil types. 
The scope of the crop-substitution experiment with groundnut was 
~nodified during 1974-75 t o  include different combinations of N. P and K 
for a study of comparative responses of groundnut and other alternative 
crops. A cereal crop was also included in the latter category in a few 
districts. The fertilizer treatments studied for each of the two crops were 
as follows: 
0, N, NP, NPK 
The levels of N, P and K were as per the state recon~mendations for 
the respective crops in the area. This series of experiments was conducted 
in I1 districts covering six soils and was continued up to  1976-77. 
The yield as well as rapolise data from dilr'erent manurial treatmento 
tried in experiments in different series were examined with the following 
objectives: 
1. Determination of response of groundnut to  N, P and K. 
2. Relative efficiency of nitrogenous and phosphatic fertilizer. 
3. Estimation of response curves and surfaces to N, P and K applied 
singly and in combination. 
4. Formulation of optimum fertilizer recommendations based on 
the study of economics of fertilizer application to groundnut 
so  as  t o  maximise returns per rupee of investment on fertilizer. 
It may be mentiotizd that the information on interaction between responses 
to various nutrients was available from all the series of trials except that 
pertaining t o  crop substitution aspect. 
For  a study of aspects 3 and 4 above, the fertilizer response was 
assumed to  follow the law of diminishing returns which can be appropriately 
described by polynomial of second degree. The optimum tloscs were 
estimated s o  as  to  maximise net profit received from the use of fertilizer. 
Besides these trials under the co-ordinated project of ICAR, a large 
number of experiments were planned and conducted a t  different regional 
research stations and experimental farms in the various states for the study 
of effect of various factors like fertilizers, cultural practices, improved 
varieties, etc., o n  the yield and quality of groundnut. The data of these 
experiments are collected and compiled at  the Indian Agricultural Statis- 
ti= R w a r c h  Institute under the project 'National Index of Agricultural 
Field Experiments' and analysed with appropriate statistical techniques. 
The results are brought out in the form of compendia for six-year periods. 
The results of thew experiments on groundnut conducted during the period 
1960-71 have been suitably pooled and are presented in this chapter. 
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In addition to the above series of trials conducted in cultivators' 
fields on an all-India basis and experiments at research stations in diffe- 
rent states, data of experiments conducted by other agencies in the 
various states were also available. In a majority of these experiments, 
the effect of different doses of the major nutrients like nitrogen, phosphorus 
and potash under different soil and agro-climatic conditions in various states 
was studied. However, apart from the fertilizer response, these experiments 
covered a number of other aspects such as ( i )  effect of other nutrients(ca1- 
cium, groundnut-cake, F.Y.M. etc.), ( i i )  effect of different types and methods 
of fertilizer application, (iii) effect of cultural practices, ( i v )  effect of ferti- 
lizer application on characters other than yield, e.g., vines, number of 
pods per plant, shelling percentage, oil percentage, etc. 
The results of these experiments generally conducted under controlled 
conditions at research stations or experimental farms have also been 
reported. 
RESULTS AND DISCUSSION 
First series of trials (1958-62) 
A stated earlier, the first series of trials on groundnut was conducted 
during 1958-59 to 1961-62. The results pooled over years and districts 
in the various soils (state-wise) are presented in Table 4.1. The main 
conclusions are: 
( i )  Application of nitrogen at 22.4 kg/ha was beneficial to the 
crop in most of the soils, the notable exception being alluvial 
soils in Tamil Nadu and Haryana. 
( i i )  Application of phosphorus at 33.6 kglha showed slightly- 
better response compared to that of nitrogen in most of the 
soils. In alluvial soil of Haryana both nitrogen and phos- 
phorus when applied individually did not show marked res- 
ponse but their joint application produced good response. 
(iii) The best responses were obtained with the application of N, 
P20, and K,O at 22.4, 33.6 and 33.6 kg/ha respectively in 
almost all soils, being particularly marked in red and yellow 
soil of Orissa, coastal alluvium soil of Pondicherry and red 
sandy soil of Tamil Nadu 
Thus, the results of this series of trials gave conclusive evidence as 
to the beneficial effect of N, P and K, particularly when applied jointly 
in most of the groundnut-growing areas. It may be mentioned here that 
the crop was mostly unirrigated, irrigation being given only in areas where 
such facility existed and when the rains failed. 
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The comparative yields of groundnut for different combinations of 
N, P and K are graphically presented for soils for which results were 
available for three or more districts (Fig. 4.1). 
Fig. 4.1. Mean yields (kgjha) of groundnut obtained under N, NP, NPK treatments 
on different type of soils in experiments conductd from 1959-62 
Second wries of MPls (196267) 
The second series of trials was initiated in 1962-63 and continued 
up to 1966-67. The results are presented separately for irrigated groundnut 
crop in Tables 4.2a, 4.2b, and 4 . 2 ~  and for rainfed groundnut crop 
in Tables 4.3a. 4.3b. and 4 .3~ .  
Gmrmdnot (Imlgited). The responses to N. P and K on groundnut 
(irrigated) were available from 160 experiments conducted on four soil 
groups wvering five states, viz. Andhra Pradesh. Tamil Nadu, Punjab. 
Uttar Pradtsh and Pondicherry (Tables 4.2a, 4.2b and 4 .2~) .  The results 
show that: 

Tmre 4.2b. R~sm~se (KG~HA) OF GROUNDNUT (IRRIGATED) TO LEVELS OF PHOSPHORUS (1962-63 TO 1966-67) 
-- - - 
No. of No. of No. of Control Rcspoosc to nutricots (kglha) 
Sate Broad soil dist- years trials yield C.D. 
class rim (5%) 
N15 P 3 ~  N,~P30 N15P60 N 3 ~ P 6 ~  N30P& 
~. ~ 
Aodhra Red sandy 6 3 55 1373 147 127 190 225 271 368 444 38 
Pradah 
Tamil Nadu Coastal alluvium 1 3 21 2336 108 146 227 316 371 343 325 260 
Red saody 5 3 47 1941 230 189 370 454 488 580 728 41 
Red loanly I I 8 2162 115 106 381 480 522 801 1031 210 2 
Punjab Alluvial 2 2 17 1700 141 297 585 348 582 619 808 70 2 
Pondicherry Coastal alluvium 1 4 18 2756 435 533 912 747 1127 1223 1613 213 
Uttar Pradesh Alluvial 1 I 4 I250 134 166 225 308 406 604 779 98 
-- - 
i 
a 
Red sandy I I 102 1629 185 156 273 331 371 466 575 27 
,123) (5.2) (4.55) (7.4) (4.9) (5.2) (3.8) ti 
Coastal alluvium 2 '09 8 39 2530 268 325 543 515 720 749 933 172 184 z 
(17.9) (10.8) (9.05) (11.4) (9.6) (8.3) (6.2) I 
Red laamy I 8 2162 115 106 381 480 522 801 1031 210 230 
(7.7) 13.5) (6.4) (10.7) (7.0) (8.9) (6.9) 
Alluvial 3 21 1614 140 272 516 340 548 616 802 61 186 
(9.3) (9.1) (8.6) (7.6) (7.3) H.8) (5.3) 
Mean response 
over all the soils 
Figures in brackcts are response per unit nutrient. 
No. of No. of No. of Control Raponrc to nutrients ikgiha) 
State Emad soil dist- yean trials yield C.D. 
class r i a  (5 %) 
N15 K30 K60 N15K30 N15& N30K60 N~5P3&30 - 
Aodhra Red m d y  6 3 54 I231 121 103 137 272 322 401 451 48 
Radeoh 
Tamil N d u  Coastal alluvium 1 3 28 1W4 150 164 203 214 243 215 446 203 
Red sandy 5 3 45 2029 190 175 278 308 417 532 591 54 
Red l o m y  1 1 7 1888 194 646 329 661 690 605 941 177 
Rmjab Alluvial 2 2 14 1489 249 1 117 232 282 452 516 109 
~ P ~ ~ ~ d k h c n y  Coastal dluvim 1 4 18 2674 438 453 920 682 887 1128 1207 142 0 
Unar M e s h  Alluvial 1 1 4 1157 257 58 77 307 380 567 422 110 5 
z 
Rcd sandy 11 99 1594 152 136 228 288 365 465 515 35 
(10.1) (4.5) (3.8) ,6.4) (4.9) (5.2) (6.9) 
46 2230 263 277 484 397 495 572 744 135 
I -I 
coastal alluvium 2 
(17.5) (9.2) (8.1) (8.8) (6.6) (6.4) (9.92) 
Red loamy 1 7 1888 194 646 329 661 690 605 941 177 
(12.9) (21.5) (5.5) (14.7) (9.2) (6.7) (125) 
Allwial 3 18 1415 251 14 108 249 304 488 495 88 
(16.7) (6.5) (1.8) (5.5) (4.1) (5.4) (6.6) 
Mean rcuponse 
o w  all the soib 
-- 
Piplra in b n c b  are mpolllc pr unit nutrisot. 
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I ( i )  Application of nitrogen at  15 kg/ha gave a high response of 
more than 400 kg/ha in coastal alluvial soil of Pondicherry. 
In the other soils also the response to N was fairly good varying 
between 100 to 350 kglha. At double the level. the response 
to  nitrogen increased significantly in red sandy soil of Andhra 
Pradesh and alluvial soil of Punjab and U.P. 
( i i )  Application of phosphorus at  30 kg/ha generally gave a higher 
response compared to the 15 kg dose of nitrogen. Increase 
in the level of phosphorus to  60 kg P205/ha improved the yield 
of groundnut in all soils. 
(iii) Joint application of nitrogen and phosphorus at 15 and 30 kg/ha 
respectively generally gave the same order of response as the 
sum of the responses to their individual application. 
(iv) There was not much evidence of interaction between nitrogen 
and phosphorus at  the levels studied in most of the soils. 
(v)  Application of potash at 30 kg/K20/ha gave a response of 
more than 100 kg/ha in all soils except alluvial soils of Punjab 
and U.P. 1 
( v i )  The average response per unit nutrient was 5.9, 12.9, 13.8 
and 7.1 kg in case of red sandy, coastal alluvium, red loamy 
and alluvial soils respectively when 30 kg N and 30 kg P20s 
were applied together. 
Rainfed Groanbut. The trials on rainfed groundnut crop (Tables 
.3a, 4.3b and 4.3~)  were conducted on eight soils covering seven stater. 
were available from 952 experiernents. The following conclusions 
an be drawn: 
(I) The response to nitrogen at  15 kg/ha was moderate to good in 
all soils except black and grey-brown soils in Gujarat and 
red sandy soils in Orissa. At the higher level of nitrogen 
(30 kg/ha). the response increased significantly in a number 
of areas (Table 4.3a). 
(ii) Application of phosphorus a t  20 kg P20,/ha showed a res- 
ponse of the same order or higher compared to 15 kg N/ha in 
most of the soils. At the higher level of phosphorus, the 
response increased considerably in number of soils 
(Table 4.3b). 
(iii) Combined application of nitrogen and phosphorus gave res- 
ponses of the same magnitude as the sum of their individual 
responses. 
(iv) Application of potash at  20 kg/ha gave a response of more 
than 100 kglha in a majority of areas. At the higher level 
of potash (40 kg K20/ha) the response increased in red and 
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R e d  sandy WII 
( I f la la  103)  
No ol d ~ a t r ~ c t r  11 
Fig. 4.2, \Yields of groundnut (irrigeted) as afftckd by N, NP. and NPK in ditTemt 
typw of soils in trials on cultivators' Bclda (1962-1967) 
yellow soil of Orissa and alluvial soil of Punjab (Table 
4.34. 
( v )  Combined application of nitrogen and potash generally gave a 
response slightly less than or equal to the sum of their indivi- 
dual responses. 
The results of this series of trials both on groundnut irrigated as well 
as rainfed confirmed the earlier results that application of N, P and K is 
highly beneficial to groundnut in most of the areas. However, as against 
beneficial effects of joint application of N, P and K compared to their 
individual application as observed in the earlier series, the interaction 
between the nutrients when applied jointly was generally found absent in 
this series of trials. 
The comparative yields of groundnut for different combinations of 
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Fig. 4.3. Yiold of moundnut (rainfed) as aBcctcd by N, NP, and NPK in different type, i of sob in trWs on cultivaton' &Ids (1962-63-1966-67) 
N, P and K are graphically presented for soils for which results were avail- 
able for three or more districts in Fig. 4.2 for irrigated crop and in Fig. 4.3 for 
rainfed crop. 
m d ~ e r i e a  of Malls (1967-70) with high-yielding varieties of groundnut 
With the program of cultivators' field trials geared to study fcrtiliser 
requirements of the newly introduced high-yielding varieties of cereals, the 
trials on irrigated groundnut were taken up in nine districts located in 
three soils covering five states and Pondicheny while on unirrigated 
groundnut trials were conducted in 12 districts located in six soils covering 
seven states. The results for the period 1967-68 to 1969-70 are presented 
in Tables 4.4 and 4.5 for imgated and rainfed crops respectively. 
Irrigated mop. The variety commonly used was 'TMV-2'. its average 
yield without f e r t i l i ~ r  varied between 1300-2650 kg/ha in red sandy soil 
of Andhra Pradesh and Tamil Nadu. The response to 15 kg N/ha was more 
than 200 kg/ha in most of the soils indicating a response of more than 
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TABLE 4.4. RE~PONSB (KO/HA) OF GROUNDNUT (IRRIOATBD) TO NITROGEN, 
PHOSPRORUS AND POTASH (1967-68  TO 1969-70) .  
State Broad soil District No. of Variety NO. of Control 
c I W  Y S a n  trida yield 
Andhra Red sandy 
Radesh Red sandy 
Oujuat Coartal 
alluvium 
Alluvium 
Deep black 
M.hrmrhtra Medium black 
hjarthan Medium black 
Tamil Nadu Coaatal 
alluvium 
Red sandy 
Red m d y  
Pondichcny Coastal 
alluvium 
'TMV-2' 
'Local' 
Jamnagar 
Jamnrwr 
Surat 
Naaik 
Kota 
Chingleput 
'Local' 
'Samrala 
'Local' 
'SB-11' 
' tocal ' 
'TMV-2' 
Red sandy 
M W  rtlpor~m o m  all the 
roil8 
- 
TABLE 4.4 (Contd) 
Response to nutrients (kg/ha) 
-- . C.D. 
(5'6) 
NI, Nao P ~ o  N16Pao NaoP30 N=oPeo N3oPaeKae 
- - 
172 441 22 315 485 554 649 117 
175 213 162 195 404 494 640 79 
-- 
Figures in brackets arc response per unit nutrient 
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TABLE 4.5. RSSPONSB (KO/HA) OF GROUNDNUT (RAINFED) TO NITROGEN, 
PHOSPHORUS AND POTASH (1967-68 TO 1969-70).  
State Broad soil District No. of Variety No. of Control 
class Y m  trials yield 
Andhra 
P n d a h  
Red sandy Warangal 'TMV-2' 5 
'Spanish 
improved' I5 
'Local' 24 
Bihar Red and Santhal 
yellow Puganas 
Hazari bash 
Coastal J a m n a ~ r  
alluvium Surat 
Deep black Ahmedabad 
'Local' 6 
'AK-12-15' 12 
'Local' 8 
'Samrala' 28 
'Local' 147 
'Local' 7 
'Local' 3 
Gujarat 
Madbya 
Pradesh 
Maharashtra 
Medium black Sehort 
Medium black Kolhapur 
Nasik 
Red and Mayurbhanj 
yellow 
Red loamy Dhenkenal 
'Koperpon' 86 
'SB-11' 77 
'P. No. 1' 9 
'AK-12-24' and 
'TMV-3' 12 
'T-28' 23 
'Local' 21 
Tripura Red and Tripura 
yellow Tripura 
Red loamy 
Red sandy 
Red and yellow 
Black soils 
Alluvial sails 
Gray-brown soils 
Mean response over all the 
soils 
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TABLB 4.5 (Conrd) 
Raponse to nutrients (kgtha) 
C.D. 
129 239 134 253 382 503 610 
(8.6) (8.0) (6.7) (7.2) (7.6) (7.2) (5.6) 
Figurea in -& nrs respom per unit nutrient. 
13 kg per unit N. In coastal alluvial soil of Jamnagar (Gujarat), the 
response was low. 
The response to 30 kg P,O,/ha was generally not significantly different 
from that to 15 kg N/ha. Combined application of 15 kg N and 30 kg 
P205/ha gave a higher response compared to their individual responses 
taken together in red sandy soil of Warangal (Andhra Pradesh) with 
variety 'TMV-2' and in coastal alluvial soil of Jamnagar (Gujarat) with 
variety 'Punjab-1 (Samrala)', indicating a positive interaction between 
these two nutrients. With the combined application of N and P at double 
the level, the response increased considerably in all soils. 
Application of potassium at 60 kg K20/ha over 30 kg N and 60 kg 
P20,/ha showed a significant increase in the yield of groundnut in 
almost all soils being particularly marked in coastal alluvial soil of Tamil 
Nadu and Pondicherry (350 kg/ha) for variety 'TMV-2' and in coastal 
alluvium soil in Gujarat and medium black soil in Maharashtra (2% 
kg/ha). The results thus showed that combined application of N, P and K at 
fairly high levels would be highly beneficial for groundnut crop under 
irrigated conditions particularly with the improved varieties. 
Rainfed crop. The yield level without fertilizer was the highest with 
the variety 'Kopergaon-1'. in medium black soil in Kolhapur (Maharashtra) 
being of the order of 2245 kg/ha. A yield level of about 1500 kg/ha 
was obtained with 'Spanish Improved' variety in red sandy soil of Warangal 
(Andhra hadesh) and with 'P. No. 1' and 'T-28' in red and yellow sod 
of Mayurbhanj (Orissa) and Tripura respectively. 
( i )  Application of 15 kg N/ha showed a high response of 689 and 
479 kg/ha in red and yellow soil of Santhal Parganas and Mayur. 
bhanj respectively. In the red and yellow soil of Tripura as 
also red loamy soil of Dhenkenal (Orissa), the response was quite 
high varying between 250-300 kgjha. 
(ii) Application of phosphorus at 20 kg P20,/ha gave a high response 
of 300-550 kg/ha in red and yellow soil in Orissa. Bihar, and 
Tripura. Combined application of N,, and P,, gave a responqe 
higher than the sum of their individual responses in red and yellow 
soil in Bihar and Orissa and coastal alluvium soil in Jamnagar 
(Gujarat), thus indicating a positive interaction between N and 
P in these amas. At the higher level of N, P application, the 
response Was more than double in most of the soils. 
(tU) Application of potassium at 40 kg K 2 0 h  over N3& showed 
a sipilicant increase in the yield of groundnut in. most of the 
soils being particularly marked in red and yellow soils of Mayur. 
bhanj (Orissa) with variety 'P. No. 1' and in Tripura with variety 
'T-28'. 
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( i v )  The relative yields of groundnut for different combinations of 
N, P and K for some of the important soil classts in the above 
series of trials are given in Fig. 4.4 for irrigated and in Fig. 4.5 
for rainfed crop. 
Red sandy 8oll Coastal alluvium Black soil 
(Trials : 75) roil (Trials , 22)  
No. of (Trials : 146) No. of dialrictr : 3 
districts : 3 No. of districts : 3 
PIC 4.4. Yield of groundnut (irrigatd) IflacWJ by N, NP md NPK on differoat 
typa of roil8 in trials on cultinton' &I& (1967.68-1969-70) 
GROUNDNUT 
Red and yellow soil Black soil 
No. of districts : 4 No. of distrkts : 4 
Fig. 4.5. Yieldr of groundnut (dnfed) as by N. NP .ad NPK in trhh conduc- 
ted on cultbaton' &Ida (1x7-68-1969-70) 
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Thus, as compared to groundnut irrigated, thc yield of groundnut 
rainfed without fertilizer or with fertilizer at lower doses was generally 
lower. However. the yield increased considerably when higher levels 
of fertilizers were used. In fact, both for irrigated and rainfed crop the 
highest yields were generally obtained when N, P and K were applied 
together at  higher levels. It may be noted that the improved vi~rieties 
of groundnut were tried in cultivators' lield for thc tirst time in this series. 
Foortb series of trials (1970-72) 
The results of trials conducted in 1907-68 to 1969-70 scrvcd ;I very 
useful purpose in underlining the need for adequate application of N, P 
and K to groundnut even in unirrigated areas. However. since the basic 
yield rate with rainfed crop was smaller compared to irrigated crop, there 
appeared to bc a need for investigating mcilsures for raising thc biisic yield 
of groundnut in such areas. This aspect was studied in the another series 
of trials initiated in 1970-71 to study the extent to which the yield levcl could 
be raised by improved practices of moisture conservation like deep plough- 
ing, bunding, etc. under dry farming conditions. These trials were 
conducted in 3 districts in as many soil classes and states during 1970-71 
and five districts covering four states on four soils during 1971-72. No 
significant diRerence was generally observed between yield levels obtained 
in trials with cultivators' normal management practice\ and those with 
moisture conservation practices possibly because seeing that improved 
practices were being adopted in one series of trials, the cultivators i n  the 
former category also adopted improved practices of moisture conservation. 
The data from the two sets of trials were, therefore, cornbincd. The results 
are presented in Table 4.6. 
The average yield of groundnut without fertiliscr was fairly good in red 
sandy and mixed red and black soils of Ramanathpuram (Tamil Nadu) 
and in red sandy soil of Koraput (Orissa) varying between 1281 and 1946 
kglha for the different varieties tried. The local varieties also showed fairly 
high yield of 1423 kg/ha in Rarnanathpuram during kharif' 1970-71. 
(1)  Application of nitrogen at 20 kg/ha gave a high response of 
378 kg/ha with variety 'TMV-2' in Kurnool. Increase in the 
dose of nitrogen to 40 kg/ha more than doubled the response. 
In  Bijapur and Koraput districts also the response to nitrogen 
was quite good while in Ramanathpuram, nitrogen did not show 
much response. 
(i i)  Application of phosphorus at 40 kg P20,/ha gave a good 
response in all soils except in mixed red and black soil of Rama- 
nathpuram while in red sandy soil of this district a moderate 
response was obtained only with the varieties 'TMV-1' and 
T A B L ~  4.6. Reseo~se (KG/HA) OP GROUNDNUT TO NITROGeN, PHOSPHORUS 
AND POTASH UNDER DRY FARMING CONDITIONS (1970-71 TO 1971-72). 
State Broad soil District No. of Variety NO. of Control 
class Y m  trial8 yield 
-- 
Orissa Red sandy Koraput 
Tamil Nadu Red sandy Ramanath- 
puram 
Mixed red 
and black 
Orissa Laterite Mayur- 
Red and bhanj 
yellow 
Karnataka Medium Bijapur 
black 
Andhra Mixed red and Kurnool 
Pradwh black 
1971-72 'AK-12-24' 
1970-71 'TMV-2' 
'TMV-I' 
'Local' 
1971-72 'TMV-2' 
'TMV-7' 
1971-72 'AK-12-24' 
Pooled for soils: 
Red and Yellow 1 
Red sandy 2 
Laterite 1 
Medium black I 
Mixed red 
and black 2 
- - 
Mean response over 224 944 
all the soils 
-- . - -- - - - - - 
Response to nutrients (kg/ha) 
- C.D. 
Nlo N40 Plo Pso N ~ o P ~ o  N20P80 N40P40 N4oP80 N.oPBoI(*o (50'i) 
FERTILIZER RESPONSES 
TABLB 4.6 (Conrd) 
168 259 325 444 452 547 691 772 930 ..- 
87 168 248 331 408 462 578 703 796 
169 390 275 478 592 730 729 932 1104 
264 292 332 426 44-4 542 554 654 744 
134 228 205 312 311 367 358 448 5 2 8  
154 243 265 373 409 486 537 h47 750 
(7.7) (6.1) (6.6) (4.7) (6.8) (4.9) (6.7) (54) (4.7) 
- - - 
Figured in brackets arc response per unit nutrient. 
'TMV-2'. Increase in the level of phosphorus to 80 kg P,Os/ha 
did not show much effect except fbr vilriety 'TMV-2' in Kurnool. 
(iii) Joint application of nitrogen and phosphorus at 20 and 40 
kgiha respectively did not show any further increase over their 
individual responses in any soil. In fact, there was evidence 
of a decline in the yield of groundnut in medium black soil of 
Bijapur. At the higher level of N,,P,,, the responses were 
almost additive except in Koraput and Rarnanathpuram (1970-71) 
where the response increased significantly indicating a positive 
interaction between N and P. 
( i v )  Application of 40 kg K20/ha over N40P80 proved beneficial in 
all soils except for variety 'TMV-2' in red sandy soil of Rama- 
nathpuram. 
It may also be observed that maximum response per unit of nu- 
trient was obtained in laterite soil particularly for higher combinations of N 
and P being about 7-10 kg response per unit nutrient. The total response 
was further increased by the application of K but per unit nutrient the 
response decreased indicating lower response to K. The overall response in 
all the soils was 5.8 per unit of NP mixture and 4.7 per unit of NPK mixture. 
It may further be seen that although not much increase in the general yield 
level was observed on account of adoption of moisture conservation practices 
like bunding, deep ploughing, etc., the need for application of adequate 
doses of N, P and K for realising good yields of groundnut under dry 
farming conditions was clearly brought out by the results. 
The results of application of moderate doses of nitrogen and phosph- 
Orus to groundnut under dry farming conditions being found encouraging, 
'he scope of this series of trials was modified to study closely spaced doses of 
both N up to 45 kg and of P up to 60 kg P20,/ha and their various combina- 
'ions as also a dose of potash at  30 kg KzO/ha applied over NloP40 This 
Series of experiments with 10 treatments was initiated in 1972-73 and continued 
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up to 1976-77 covering 1 l districts in five states and on five soils. In 1973-74, 
a dose of zinc (as zinc sulphate) applied over N,oP,oK,o was tried in place of 
N45P60 in three districts, namely, Kurnool, Jamnagar and Junagadh, the 
dose of zinc being 25, 25 and 50 kg/ha respectively. The results are present- 
ed in Table 4.7. 
( i )  Application of 45 kg N/ha was found beneficial in Dharwar 
(Karnataka) during 1972-73 and 1973-74, in Mehboobnagar 
(Andhra Pradesh) during 1975-76, in Dhulia (Maharashtra) 
during 1975-76 and 1976-77, and in Anantapur during 1974-15 
to 1976-77. The response varied between 307 to 491 kg. I n  
Junagadh and Jamnagar with the variety 'Punjab-I' and in  
Kurnool with variety 'TMV-7', the responses were 277, 235 and 
214 kg respectively. Taking different soils, the best response was 
observed in red sandy soil in Anantapur and Mehboobnagar 
districts where all the three doses of nitrogen showed a good res- 
ponse. In Bijapur, Gulbarga and Madurai, response to nitrogen 
was observed only up to 30 kg N/ha. 
(ii) Application of phosphorus showed a high response to 60 kg 
P205/ha in Dharwar during 1972-73 and 1973-74, in Jamnagnr 
and Junagadh during 1973-74 and Dhulia during 1975-76 and 
1976-77. Moderate response was observed to all the levels of 
phosphorus in Mehboobnagar. 
(iii) Application of potash at 30 kg K,O/ha over N30P40 showed a high 
response of 460 kg in Dhawar, 326 kg in Dhulia and 314 kgin 
Ramanathpuram. In some of the other districts, like Kurnool, 
Anantapur and Madurai, the response to this dose of potash was 
around 240 kg. 
Response to N, P and K in different soils pooled over various series of trials 
The effect of application of different levels and combinationsof N, 
P and K on the yield of groundnut crop studied in various series of trials 
conducted in cultivators' fields during 1959 to 1976 has been discussed in  
earlier sections. It would be of interest to study the overall response to 
these nutrients in different soils pooled over the various series. Since different 
levels of nutrients *ere tried in different series, the responses obtained to 
the lowest levels of N, P and K tried were utilized to compute the response 
ratio per kg of N, P, NP and NPK for the various series before pooling the 
same. The pooled results are given in Table 4.8 for irrigated groundnut 
and Table 4.9 for rainfed groundnut, and are discussed below: 
Irrigated 
( i )  The average response ratio of nitrogen was the highestin coastal 
TABLE 4.7. RESPONSE (KG/HA) OF GROUNDNUT TO NITROGEN, PHOSPHORUS 
AND POTASSIUM (1972-73 TO 1976-77) 
-. 
State Broad soil District No. of Varie~y No. of Unfer- 
class years lrials t i l ird 
plot 
- -- .- -. , 
Karnataka Medium Bijapur 1972-73 'Spanish 
black improved' 7 607 
1973-74 'Local' 2 0  1231 
Gulbarga 1975-76 
1976-77 'Local' 49 599 
Pooled 'Spanish 
improved' 7 607 
'Local' 7 5 818 
Gujarat Mixed red Junagarh 1973-74 'Punjab-I' 51 1344 
and black 
r amil Nadu .. Ramanath. 1972-73 'TMV-7' 54 1269 
puram 1973-74 'TMV-2' 11 1341 
1974-75 'TMV.7' 24 1082 
Karnataka Dhanvar 1972-73 'Local' 50 1223 
1973-74 
Andhra Kurnool 1973-74 'TMV-2' 15 65 1 
Pradesh 1973-74 'TMV-7' 10 473 
Pooled 'Punjab-I' 51 1344 
'TMV-2' 26 943 
'TMV-7' 88 1188 
'Local' 50 1223 
Gujarat Coastal Iamnagar 1973-74 'Punjab-I' 31 284 
alluvium 
Andhra Red sandy Anantapur 1974-75 to 'K-71-1' 86 612 
Pradesh 1976-77 
Mehboob- 
nagar 1975-76 'TVM-2' 6 1137 
Tamil Nadu Red sandy Madurai 1976-77 'TMV-1' 17 1275 
'TMV-7' 17 1327 
Pooled K - 7 -  86 612 
TMV-2' 23 1239 
'TMV-7' 17 1327 
Mahara- Deep black Dhulia 1975-76 'SB-1 I' 22 829 
shtra 1976-77 
. -  - 
Pooled for soil8 
Medium black 82 800 
Mixed red and black 215 1204 
Cbaatal alluvium 3 1 284 
Red sandy 126 823 
black 22 892 
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Av. yield (kglha) Response over PaO to Response over Njo to Response 
-- to KIO 
over 
N13 N 3 ~  4 P20 P40 P~ N30Pd0 
C.D. 
(kg 
ha I 
( 5 " \ , )  
- 
87 1 
86 1 
@B.adon78tr iah # ~ o n l U l r i a I s  s Busd on 384 trials 
*In Kumool, Jamn~pr and Ju& in p b  of Naplo, zinc sulphate at 25, 25 and 50 
kp/h8 W M  (rkd m v d y  o m  a kul .ppHcrlioa of N g S s O .  The responrc lo 
zinc in the# dbtriia wu 56.30 and 91 Ll/b mapsctivcly. 
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TAFILB 4.8. R e s p o ~ s e  (KG/HA) OF GROUNDNUT (IRRIGATED) TO PER UNIT 
NUTRIENT OF N, P AND K. 
-- - -- - 
- 
No. of NO. of Control Responsa per unit nutrient 
Soil Period dlstr- trials yield -- 
class icts. N P NP NPK 
Red 1962-63t01966-67 22 205 1635 10.5 6.2 6.8 4.3 
sandy 1967-68 to  1969-70 3 75 1617 13.5 5.2 5.8 4.8 
Poolcd 25 280 1626 12.0 5.7 6.3 4.6 
Red loamy 1962-63 to 1966-67 2 16 2054 15.7 8.6 13.1 9.2 
Black 
soils 1967-68 to 1969-70 3 22 1662 12.5 3.9 6.3 5.8 
Alluvial 1962-63 t o  1966-67 6 41 1316 7.9 8.8 7.7 6.0 
Coastal 1962-63 to 1966-67 4 68 2557 20.9 13.9 12.9 7.2 
alluvium 1967-68 to 1969-70 3 146 1409 12.9 8.7 11 2 7.2 
Pooled 7 214 1983 16.9 11.3 12.0 7.2 
alluvium soil (16.9) followed by red loamy soil (15.7), and was 
12 kg or more in all soils except in alluvial soil. 
( i i )  The response ratio for phosphorus application was also the highest 
in coastal alluvium soil (11.3) followed by alluvial and red loamy 
soil but was poor in black soil. 
(iii) Combined application of N and P proved more beneficial com- 
pared to their individual application in red loamy soil and was 
also good in coastal alluvial soil. Combined application of N, P 
and K proved beneficial in red loamy soil and coastal alluvial 
soil giving a response ratio of 9.2 and 7.2 respectively. 
Rainfed 
( i )  A high response of more than 16 kg per kg of nitrogen was obtained 
in red and yellow, coastal alluvium and red loamy soils. 
( i l )  In case of phosphorus, a response of more than 15 kg per kg 
P20S was obtained in red and yellow soil. In red loamy and 
coastal alluvium soils, a response ratio of more than 9 was obtain- 
ed. 
(iil) Application of both N and P showed a response rate of more 
than that of phosphorus alone in coastal alluvium, laterite and 
a few other soils although it was always less than that of nitrogen. 
(iv) Combined application of N, P and K gave a response rate higher 
than that of N and P in deep black and red and yellow soils 
being more than 13 kg in the latter. In some of the other soils 
like coastal alluvium, laterite and red loamy soils, the rate of 
response to combined application of N, P and K was more than 
7 kg per kg of the nutrients. 
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TABLE 4.9. RESPONS~ (KG/HA) OF GROUNDNUT (UNIRRIGATBD) TO PER UNIT 
NUTRIENT OF N, P AND K. 
- -- - 
Response per unit nutrient 
Soil Period No. of No. of Control 
class districts trials yield 
N P NP NPK 
Red 1959-60 to 1961-62 
sandy 1962-63 to 1966-67 
1967-68 to 1969-70 
1970-71 to 1971-72 
1972-73 to 1976.77 
Pooled 
Red 1959-60 to 1961-62 
loamy 1%2-63 to 1%67 
1967-68 to 1969-70 
Pooled 
M d u m  1959-60 to 1961-62 
black 1962-63 to 1966-67 
1970-71 to 1971-72 
1972-73 to 197677 
Pooled 
Decp 1962-63 to 1966-67 
black 1972-73 to 1976-77 
Pooled 
Black soils 1%7-68 to 1969-70 
Red and 1959-60 to 1961-62 
yellow 3962-63 to 1966-67 
1967-68 to 1969-70 
1970-71 to 1971-72 
Pooled 
Alluvial 1959-60 to 1961-62 
1962.63 to 1966-67 
1967-68 to 1969-70 
Pooled 
Coastal 1959-60 to 1961-62 
alluvium 1972-73 to 1976.77 
Pooled 
Lataritc 1962-63 to 1966-67 
1970.71 to 1971-72 
Pooled 
Grey 1962-63 to 1966-67 
brown 1967-68 to 1969-70 
Pooled 
Mixed 1970-71 to 1971-72 
red m d  1972-73 to 1976-77 
blrck Pooled 
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It may thus be seen that application of chenlical fertilizers was highly 
beneficial to groundnut crop in a number of soils both under irrigated as well 
as rainfed conditions, the response being particularly marked in red loamy 
and coastal alluvium soils for irrigated groundnut and red loamy, red and 
yellow, costal alluvium and laterite soils for rainfed crop. 
Economics of fertiliser use and optimum doses of fertilisers 
The results of all the fertilizer cxperitnents will1 groundnut have 
conclusively shown the beneficial effects of fertilizers under both the r:linfed 
and irrigated conditions, but the question is, what is the economical dosec! 
I t  calls for the analysis of the data from economics standard. Thc most 
commonly used criterion for deciding upon the adequacy of fertilizer doses 
i <  the optimum dose or the level of fertilizer application which maximises 
the returns per rupee of investment. As stated earlier, this wus one of 
the objectives of the second series of trials conducted in 1962-63 to 1966-67. 
The optimum doses of N, P and K were calculated from results of these 
trials assuming the law of diminishing returns and using second degree 
polynomial for the same. The normal price prevailing in important ground- 
nut-growing areas was around Rs 2.00 per kg. However, since the prices 
vary in different areas, three prices of the crop, namely Rs 1.50, Rs 2.00 nnd 
Rs 2.50 per kg, were taken for calculating the optimum doses and profits. 
The cost of N, P205 and K,O was taken as Rs 3.75, Rs 3.25 and Rs 1.50 
per kg respectively. 
As mentioned earlier, the doses of fertilizers tried in irrigated trials were 
0, 15, 30 kg/ha for N and 0, 30, 60 kglha for both P and K ,  while in unirri- 
gated trials, the doses were 0, 15, 30 kg/ha for N and 0.20, 40 kglha for 
P and K. In a number of districts, the response to various doses or one 
or more of the nutrients was found linear (the coefficient of quadratic term 
being found non-significant). In such cases the maximum dose tried was 
taken as the optimum. In a few cases, when the linear coefficient just fell 
short of being significant at 5 %  level, the lower level tried was taken as the 
optimum dose (more or less as a basal application). In all other cases, the 
optimum doses were calculated from the second degree response surface of 
N, P and K. The optimum doses were rounded off to the nearest multiple 
of 5 before working out the net returns. Thc results are presented for irrigat- 
ed crop in Table 4.10 and unirrigated crop in Table 4.11. 
For irrigated groundnut, the optimum doses of N, P and K varied between 
LU), 40-60 and 0-60 kgjha for the three nutrients respectively. But in 
majority of cases 30 kg N, 60 kg P,O, and 0-60 kg K,O was optimum even 
at the basic prices of the produce. The optimum dose of phosphate and 
potash improved with higher price of groundnut. For rainfed groundnut, 
the optimum doses for the three nutrients varied between 1 5 - 4  kg/ha for 
N, 20-45 kg/ha for P205 and CL~O kg/ha for KIO. In a majority of cases 
TABLE 4.10. OPTIMUM DOSES OF N, P, K FOR GROUNDNtiT (IRRIGATED) AND THEIR ECONOMICS 
- 
Rice of groundnut (Rs 1.50Ikg) Price of groundnut (Rs 2.00:kg) Price of groundnut (Rs 2.H)lkg) 
S1W Broad soil Optimum dose Net Profit Optimum dose Net Profit Optimum dose Net Profit 
c b  (kglha) profit ('3 (kglba) profit (OL) (kglha) profit (%) 
(Rs) (Rs) (Rs) 
N P K  N P K  N P K  
- 
Andhra 
Pndah 
Tamil 
N d u  
Red ~ d y  30 40 30 409 142 30 45 30 641 211 30 45 30 878 289 [ 
Red sandy 25 60 60 767 202 25 60 60 1150 303 25 60 60 1532 404 9 
loamy 30 60 35 2045 568 30 60 35 2846 791 30 60 35 3648 1013 5 
ccuutd 
alluvium 30 60 0 733 238 30 60 0 1080 351 30 60 0 1427 463 
Allwial 0 60 60 1184 415 0 60 60 1673 587 0 60 60 2163 759 
Cwtnl 20 60 60 2182 606 25 60 60 2164 571 25 60 60 2800 739 
dhlvium 
Alluvial 30 60 60 785 197 30 60 60 1179 296 30 60 60 1574 395 
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30 kg N, 40 kg P204 and 0-20 K 2 0  was optimum even at the lowest price 
level. With the optimum doses, the profit was quite high in red loam and 
red and yellow soils and alluvial soils. The profits ranged from 142-606 per 
cent in irrigated soils and from 83-480 per cent in rainfed groundnut even at 
the lowest price of 1.50 rupees per kg of groundnut. The profits improvcd 
considerably with the rise in prices of groundnut. 
Relative efficiency of nitrogenous fertilizers 
The relative efficiency of different sources of nitrogen on ground~~ut 
was studied in trials on cultivators' fields during 1958-59 to 1961-62. The 
sources of nitrogen studied were ammonium sulphate, urea, ammonium 
sulphate nitrate and calcium ammonium nitrate each applied at two levels 
of 22.4 and 44.8 kg N/ha. The trials covered three soils located in Sour 
states. The results are presented in Table 4.12. Ammonium sulphate 
nitrate gave somewhat higher response compared to ammoniun~ sulphatr 
in red loamy as well as red sandy soils in Tamil Nadu at both the levels, while 
in alluvial soil in Punjab and Haryana this difference was observed only at the 
higher level. A few other differences were also observed but these were not 
consistent in favour of any particular source from area to area in the different 
states. Different sources of nitrogen, therefore, did not show any differential 
effect in the uptake of nitrogen by groundnut except in certain isolated caho, 
where the differences were explainable on the basis of sulphur content of the  
fertilizer. 
Relative efficiency of sources of phosphorus 
Two phosphorus carriers, namely, single superphosphate and nionoam 
monium phosphate, were studied at two levels each, namely, 33.6 and 67.2 
kg P20,/ha. Trials were conducted in five soils covering four states. The 
results are presented in Table 4.13. No differences were observed in the 
responses for the two phosphate carriers in any soil. 
Crop substitution experiments with groundnut 
The last series of experiments in cultivators' fields reported here relates 
to  the crop substitution aspect in which groundnut and another oilseed 
(mostly sunflower) were grown with recommended doses of N, P and K and 
the produce compared in terms of value received to study the relative returns 
from the two oilseeds. These experiments were conducted during 1972-73 
and 1973-74 in 14 districts on six soils in nine states. The results are pre- 
sented in Table 4.14 and conclusions discussed in the following paras: 
( i )  Groundnut proved more remunerative in chest brown soil ~n 
Ambala, medium black soil in Panchmahal and Bijapur, mixed 
red and black soil in Ramanathpurarn, laterite soil in Mayur- 
bhanj and red sandy soil in Dhenkanal. 


TABLE 4.14. COMPARATIVE RESPONSES (KG~HA) OFGROUNDNUT AND ALERNATIVB CROPS TO DIFFEREKT 
IBR-~LIZER APPLICATIONS (KHARIF, 1972-73 AND 1973-74) 
soil group/ Year Crop VIlriety No. Average Sad Fertilizet dose Average Net % 
distria of dura- rate @g/ba) yield return return 
trials tion (kg/ (ki?/ha) 
(days) ha) 
N P K 
Chestnut brown 
Hrnyom 
Ambala 
Sunflower 
Groundnut 
Groundnut 
'Sunrise' 13 104 25 60 60 60 
'Local' 13 113 85 - - - 
'Pb-1' 13 113 85 30 40 30 
Coastal alluvial 
G W  
Jamnagar Sunflower 
Groundnut 
Groundnut 
Groundnut 
'EC-68414' 46 92 12 60 60 60 
'Pb-1' 
'Local' 46 98 125 30 40 30 
'Local' 17 97 125 30 40 30 
29 100 125 - - - 
Medium black 
GMror 
Panchmahal Sunflower 
Groundnut 
Groundnut 
Sunflower 
Sunflower 
TABLE 4.14 (Contd) w 01 
Groundnut 'Local' 
Groundnut 
Groundnut 'Local' 
Groundnut 'Spanish 
in~provcd' 
'Ec-68413' 
'AK-12-24' 
'Jyoti- 
61-240' 
'EC68414' 
'Local' 
'AK-12-24' 
Sunflower 
Groundnut 
Groundnut 
Sunaower 
Groundnut 
Groundnut 
Sunllowcr 
Gmndnut 
Groundnut 
'Ec-68414' 
'Local' 
'SB-11' 
Mixed red and Mrck 
Groundnut 'Local' 
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( i i )  Sunflower on the other hand proved more remunerative in coastal 
alluvial soil in Jamnagar, medium black soil in Indore and Sholapur 
and mixed red and black soil in Kurnool. The yield of groundnut 
crop was thus much higher and brought in considerably larger 
income in a large number of districts. 
In view of encouraging results and good returns from groundnut under 
dry farming conditions the scope of these trials was enlarged to include 
different combinations of N, P and K and further a cereal crop was also 
studied in some of the districts. The experiments were conducted during 
1973-74 to 1976-77 and covered 11 districts in eight states and six soils. The 
results are given in Table 4.15. 
It may be observed that groundnut outyielded sunflower, cereals 
like paddy and bajra and pulses like arhar in almost all districts except 
in black soil in lndore (Madhya Pradesh), and Gulbarga (Karnataka) 
while in Dhulia (deep black soil) during 1976-77 and in Anantapur (red 
sandy soil) during 1975-76, there was no difference in the two sets of crop 
studied. Another important result emerging from this series was the bene- 
ficial effect of joint application of N, P and K on groundnut in almost all 
districts except Gulbarga which clearly shows that combined application 
of chemical fertilisers (N, P and K) in adequate doses of 3 0 4 0  kg/ha each 
would prove quite remunerative under dry farming conditions. This is in  
agreement with similar results obtained in earlier series of trials. 
Experiments at research stations in different states 
As mentioned earlier, experiments to study the response of groundnut 
to one or more of the chemical fertilizers and other practices like irrigation, 
etc., are being conductedat research stations or experimental farms in differen1 
states. The data of these experiments conducted during the period 1960-71 
and collected under 'National Index of Agricultured Field Experiments' a1 
I.A.S.R.I. were appropriately analysed and pooled over different years at 8 
centre. Since different levels of fertilizers were tried in experiments i n  
different years, the responses were standardised to commonly used dose! 
before pooling over years. The results pertaining to responses of N, F 
and K are presented respectively in Tables 4.16, 4.17 and 4.18 for irrigatec 
groundnut and Tables 4.19, 4.20 and 4.21 for unirrigated crop. 
Response of grouodnut (irrigated) to N, P and K. A high response of 48( 
kg/ha was obtained in 20 kg N/ha at  Seed Multiplication Farm, Piprakoth 
(Bihar) in sandy loam soil with variety 'AK-12-24'which, however, did no 
show further increase at the higher level of nitrogen. The variety 'TMV-2 
showed a significant response to 20 kg N/ha at  Amravati (black soil) an( 
Tindivanam (red loam soil). Application of phosphorus s h o w e  a signi 
ficant response at different levels at a number of centres being particularl: 
TABU 4.15. COMPARATIVE RFSPONSES (KG/=) OF GROUNDNUT AND ALTERNATIVE CROPS TO DlFFEREEif FERTILIZER 
APPLICATIONS (KHARIF, 1974-75 TO 1976-77) 
Soil group/ Year No. of Crop VPritty Treatment Res- Net Crop - Variety Treatment Rcr  Net  
dirtria trials porn =turn ponsc return 
1 2 3 4 5 6 7 8 9 10 I1 12 13 
Rod and yellow 
W h  Ranchi 1974-75 
12 Lbjm 'HB-3' Control 
N40 
"'.oh 
N,oprd(20 
23 Paddy 'Bald Control 
28 A r b  'S-5' Control 
N1o 
N20P.o 
N20eroK10 
I6 SunRowu 'EC- Control 
68.414 N, 
~64'60 
N ~ n P d 3 o  
1056 Ground- 
160 nut 
136 
159 
492 Ground- 
-73 nut 
- 31 
84 
1138 Ground- 
575 nut 
1275 
1687 
628 Ground- 
170 nut 
235 
270 
'GSOI' Control 
N30 
N d 4 0  
N30P40K~~ 
'AK-12- Control 
24' N30 
N30P4~ 
N30P4~K30 
'AK-12- Control 
24' N30 
N30P,11 
N~0P40%0 
'AK-12- Control 
24' NH) 
N ~ o P N  
N3@4d(30 

TABLE 4.15 (Conrd) 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Madium black 
Kamatoka 1974-75 5 Tur ‘C28' Control 389 958 Ground- 'Local' Control 476 602 
Gulbarga x20 160 325 nut % a  88 64 
N 2 ~ h 0  210 380 N30p4~ 162 82 
Ni@,OKIO 301 577 N,0P40K30 45 
197475 29 Sunflower 'EG Control 678 1608 Ground- 'Pb-1' Control 916 1482 
Sabarkantha 68414' Njo 185 350 nut 'Samrala' N,, 219 326 y 
'EC- N,oP,o 359 654 N30P40 400 558 2 
68404' NJOP4oK3o 542 1067 - N,np,oK~o 533 779 t- 
Deep black fi 
B 
Mahararhrra 1975-76 8 Sunflower 'EC- Control 681 1672 Ground- 'SB-11' Control 1056 1762 
~ h u l i a  69874' N3, 413 934 nut N 3 ~  606 1100 
N3& 565 1185 N~OPJO 7 1338 % 
N3@&30 678 1422 NJoP4d<30 1083 1879 Z 
m 
197677 13 Sunflower 'EG Control 615 1508 Ground- 'SB-11' Control 594 838 v1 
60974' N a  116 65 nut N30 212 312 
NboPd, 210 105 Nd',0 295 348 
N&'60K30 326 350 N#OP,oK,o 395 503 
Red m d y  
AnDva Prodcsh 1975-76 10 Bojm 'HE? Control 350 330 Ground- 'TMV-2' Control 847 13% 
Nellorc 397677 % a  398 148 nut N40 342 534 
N d Q  476 1% N&o 510 740 
N40p&lo 493 183 N d a K Z o  780 1250 
c. 
0 
- 




TABLE 4.18. RESPONSE (KG/HA) OF GROUNDNUT (IRRIGATED) TO DIFFERENT LEV~LS OF POTASH AT EWBRU~ENTAL 
FARMS 
state mtypc Centre Year Variety Control Response to I& of K 
yield rn 
1 2 3 
Andhra Radcsh Black Agricultural Research Station, 
Amravati 
Sandy barn Groundnut Research Station. 
Machlipatnam 
Agricultural Rcsearch Station, 
Rudrur 
Karmtaka Medium black M.A.E. Gntre, Gangavati 
Sli@Uy Agricultural Research Station, 
alkaline Gangavati 
with calcium 
pcbbks 
Punjab Sandy loam Punjab Agricultural University, 
Ludhiana 
Phulawal, Sadhar and 
Ghungarwali (C.F.) 
hasthan Sandy loam Government Agricultural Research 
Farm. S r i m g a n a w  
Tamil Nadu Red loam Oilseed Experimental Station. 
Tindivanam 
Red soil Agricultural R d  Station. 
Bhavanisagar 
'Spanish 
improved' 
'TMV-2' 
'TMV-2' 
'PG-I' 
'FG-I' 
'TMV-2' 
'TMV-2' 
'TMV-2' 

I 
TABU3 4.19. RESPONSE (=/HA) OF GROUNDNUT (UXIRRIGATED) TO DIFFERENT LEVELS OF NITROGEN AT 8 
BXPERlblENTAL FARMS 
- -  
State Soil type Year Variety Control 
yield 
Response to levels of 
N 
C.D. 
(5%) 
AndhrP Black 
PrPdah 
c w  
Sandy loam 
Bibor Red loam 
Gujarat Medium black 
Karnataka Light masouri 
Agricultural Research Station. 
Amravati 
Agricultural Research Station. 
w e  
Govtmmtnt Agricultural Farm, 
Di 
Agrilcultural Research Station, 
Karimnagar 
Agricultural Research Institute. 
Kanke 
A~ricultural Research Station. 
Amreli 
Agricultural Research Station, 
Jnmnarmr 
Ihy Farming R-h Station, 
Targhadia 
Agricultural Research Station. 
Talod 
Agricultural R-h Station. 
Bailhongal 
4 
1961 
1960-63 
1960-63 
1971 
3 964-66 
1960-62 
1962 and 
1964 
1%7, 
1%9-71 
1960. 
1960-62 
1960-61 
5 
'TMV-2' 
'Spanish 
improved' 
'TMV-2' 
'Spanish 
improved' 
'AK-12-24' 
'AH-32' 
'Punjab-]' 
'SB-1 I' 
'AH-32' 
'Samrala-1' 
(Punjab) 
'Spanish 
improved' 
TABLE 4.19 (Contd) 
I 2 3 4 5 6 7 8 9 10 
Red loam Agticultural Rcse~rch Station. 1%1 'HG-I0 1118 164 140 -- 161 
Hcbbal 
Madhya Sandy loam Govanmcot Agricultural Station. 1960 'N.A.' 1794 410 - - - 
Rrdesh Jbabua 
M-tra Medium black Agricultural Research Station. 1960-61 'Spanish 2182 207 - - 179 
Buldhana improved' 
A ~ t u r a l R e s e a r c h S t a t i o n .  1963-65 'K4-11' 1240 64 - - - 
Parbhani 
Agricultural College Farm. 197@71 'SB-I I '  573 65 25 - 28 2 
Parbhani 
Agricultural Research Station, 1960 'AK-12-24 2521 218 - - 
5 
- 
64 I3 
Wasbin 
- 
$ 
Agricultural'Rcscarch Centre. 1966-70 'AK-12-24' 1320 43 60 ~ - P 
Amravati F 
Regianal Research Centre. 1966-69 'AK-12-24' 1552 34 i 6  I28 71 
Amravati 
Agricultural College Fann. Akola 1970-71 'AK-12-24' 581 54 39 - - Zi 
Black cotton Agricultural Research Station, 1960-62 'AK-12-24' 1030 117 - - 95 E 
soil Akola 
Agricultunl Research Station. 1965-67 'SB-1 1' 531 57 74 104 72 
Jalgaon 
Agricultural College Farnm. 1962 'AK-12-24 2346 268 - - 181 
Kagpur 
1.ight black Agricultural Research Stallon. 1%5 'SB-1 I '  224 61 Y I  - 44 
Badnapur 
~)ezp  black ~Agricultt~ral Research Stallon. 1960 'Faizpur- 1867 216 - - 139 
cotton soil Jalgaon 1-5' 
. -- -  - - - - 
~ ~ 
- 
0 9
I 2 3 4 5 6 7 8  9 
Medium to Oilseed Research Station. 1964-65 'Karad- 560 120 - - 
heavy black Latur 4-11' 
Medium black Agricultural Research Station, 1 9 6 2 4  'Kopergaon-1' 747 94 - - 
clay loam Digrai 
Maharashtn Med. M a ~ n d  Agricultural Colkgc Farm, 197@71 'AK-12-24' 2220 19 - 4 2  - 
No. 2 Nagpur 
Black Agricultural Research Station, 1970-71 'SB-11' 349 73 60 - 
Jalgaon 
Punjab Sandy loam Oilseed Re& Station. 1960 'C-145' 1148 44 - - 
Samrala 
Rajastban Sandy lcam Government Agricultural Research 1%4 'PG- 1 ' 2263 369 600 692 
Farm. Sriganganagar 
Tamil Nadu Sandy loam O i l d  Expesiwnlal Station, 1967-71 'TMV-2' 783 12 262 - 
Tindimam 
Tripura Sandy loam Rcscamh-cum-Dunonstration 1964-65 'Local' 1115 88 - - 
Farm. Arundhatinagac 
West Bengal Sandy loam State Agricultural Farm, 1966-67 'B-31' %2 72 12 - 
-pore 
Lataite State AgriculW Farm, 1965-67 'B-30' 687 56 -28 - 
Midnapore 

TABLE 4.20 (Conrd) 
Medium black 
Gujarat Medium black 
b a t a k a  Redloam 
Red soil 
Medium black 
Light masouri 
MahnshtrP Black 
Agricultural Rmarcb Station. 
Kotbara 
Agricultural Research Station. 
Amreli 
Trialcum-Demonstration Farm. 
Kholwad 
Trialcum-Demonstration Farm. 
UmraJa 
Agricultural Research Station. 
Jamnagar 
Oilseed Research Station. 
Junagarh 
O i W  Research Station, 
J u n a g d  
Dry Farming Research Station, 
Targhadia 
Agricultural Research Station, 
Hcbbal 
Regional Research Station. 
Raichur 
Agricultural CoUcgc Farm. 
Dharwar 
Regional Sorghum Research 
Station. Bailhongal 
Agricultural Reach Station, 
Jalgaon 
'Punjab-l 
'J-11' 
'SBII' 
'Spani& 
improved' 
'Erect 
type' 
'SBII '  
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Medium black 
Black cotton 
Tamil Nadu Red sandy 
Red sandy 
loam (strewn 
with pebbles) 
Tripm Sandy loam 
Uttar Pradesh Sandy loam 
West B e n d  Laterite 
Government Experimental Farm, 
Khandwa 
Government Agricultural 
Research Farm, Bahadari 
Lgional k r c h  Station, 
Tindivanam 
Gingelly Research Station, 
Kanur 
Researchturn-Demonstration 
Farm. Arundhtinagar 
Government Regional Agricul- 
tural Research Station. Hardoi 
State Agricultural Farm. 
Midoaport 
1964-65 'Local' 1002 114 287 - 111 
1964 'T-28' 1240 100 -125 - - 
(late) 
1965 'B-33' 598 251 362 - 113 
(from AK-101 
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marked at Bhubaneswar, Thasra, Etawa and Behrampur all located in 
sandy loam soils. Application of potash at 20 and 40 kg/ha proved bene. 
ficial in sandy loam soil at Machlipatnam (Andhra Pradesh), Mainpuri 
(Uttar Pradesh), Etawa (Uttar Pradesh) and Bahraich (Uttar Pradesh), 
while at 60 kg K20/ha, the response was significant at Bhavanisagar (Tarnil 
Nadu) in red soil and Etawa (Uttar Pradesh) in alluvial soil. 
The yield response curves to N, P and K at some of the centres in 
sandy loam soil are presented in Figure 4.6. 
Fig. 4.6. Responsa to different levels of N, P and K in irrigated ground at experimental 
station 
Responses of groundout (raided) to N, P and K. Response to nitrogen 
(Table 4.19) at 20 kg/ha was significant a t  Amravati (Maharashtra), 
Amreli (Gujarat), Buldhana, Washim, Badnapur, Jalgaon, Latur and 
Digraj (Maharashtra), all located in medium to deep black soil. At the 
higher level of 40 kg/ha, the response was significant in sandy loam soil 
at Karimnagar, Sriganganagar and Tindivanam. There was no significant 
increase in the response when the level of nitrogen was further increased to 
60 kg/ha. It may also be observed that responses to N were much smaller 
in magnitude on research stations than on cultivators' fields. There also did 
not seem to be any case for the application of more than 20 k g N  at  most 
of the centres as the average response obtained to 20 kg N was about 100 
kg or a response ratio of 1 : 5. The response to phosphorus (Table 4.20) 
at  different levels was found significant in sandy loam soil a t  Karimnagar 
(Andhra Pradesh) and Arundhatinagar (Tripura), in red loam soil at ~ebbal  
(Karnataka) and in black soil at Jalgaon, Amravati and Washim 
(Maharashtra). At the highest level of 60 kg P20,/ha, the response 
FBRTILIZBR RESPONSES 117 
ignificant a t  Warangal (chalka soil), Karimnagar (sandy loam soil), Beillangal 
masori soil) and Banswara (red and black soil). The mean response to 
20 kg P205/ha was 76 kg or a response ratio of 1 : 3.8. In the case of 
3otash (Table 4.21), the response was significant to 20 kg K,O/ha at Dhunvar 
:medium black soil) and Samrala (sandy loam soil). Further increase in 
:he level of potash did not show any improvement in thc response. If the 
.esponses to 20 kg K20 at all the research stations were averaged, thc mean 
xsponse comes to 69 kg for 20 kg K20 indicating a response ratio of 1 : 3.5. 
From these results at the experimental stations it is evident that the 
.esponses to  N, P and K were generally low at most of tllc stations. This 
was in marked contrast to high responses observed in experiments in cultiva- 
tors' fields. The yield response curves for N and P for a few centres in some 
,f important soil classes are given in Figures 4.7 and 4.8. 
fib 4.7. Yield curved of groundnut (rainftd) showing d w t  of different levels of N or P 
Iateractiom between N, P and K. The results of experiments in which 
two factor interactions were found significant are given in Tables 4.22, 
4.23 and 4.24 corresponding to N xP, N x K and P x K respectively for 
'migated groundnut and in Tables 4.25,4.26 and 4.27 for rainfed groundnut. 
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TABLE 4.26. EFFECT OF JOINT APPLICATION OF NITROGEN AND POTASH ON RAINED GROUNDNUT w 
State Soil type Centre Year Variety Average yicid for diliuent C.D. 
combinations of N and K 
Gujamt Medium Central Experimental State, 1962 
black Junagarb 
Agricultural Research Station. 1%4 
Jamnaga 
Madhya BIack Agricultural College Farm. 1969 
Pmdcsb cottoo lndore 
Punjab Sandy Oilseed Research Station, 
loam Samrala 
Madhya Sandy Government Agricultural 
Pradcsh loam Research Station. Jhabua 
'AK-12-24 
'R-4' 
'Spanish 
im~roved' 
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Of the various interaction effects observed, only the joint application of N 
and P was found beneficial compared to the responses to their individual 
applications taken together at Bhind Agriculture Farm (Madhya Pradesh) 
and Pantnagar Agriculture Farm (Uttar Pradesh), both in sandy loam soil 
under irrigated conditions and at Jalgaon Research Station (Maharashtra) 
in black soil, Kothara Research Station (Gujarat) in medium black soil 
and Agriculture Research Institute, Hyderabad (Andhra Pradesh) in sandy 
loam soil under rainfed conditions. The other interactions namely N x  K 
and P x K  did not show substantial positive effect at any centre both in 
irrigated as well as unirrigated conditions. The results of experiment5 
on state agriculture farms and research stations, therefore, showed that 
responses to the application of the three nutrients were more or les5 
additive in most of the soils, and there was little interaction except in casc 
of N x P .  
Experiments with irrigation treatments on groundnut 
Experiments with different irrigation treatments were conducted 
at various Agricultural Research Stations and Farms to study their effect 
on the yield of groundnut. The results are given in Table 4.28. Beneficial 
effect of irrigation given at 75 per cent depletion of available soil moisture 
at Rahuri (Maharashtra) and with two irrigations at Kholwad (Gujarat) 
located in black soil was observed, the response being about 300-500 kg/ha. 
In medium black soil, two irrigations appeared optimum giving a high re\- 
ponse at Junagarh, Jamnagar and Kim (Gujarat) and Akola (Maharashtra). 
At Sultanpur (Rajasthan) in sandy loam soil, pre-sowing irrigation and at 
flowering gave n response of more than 400 kg/ha while at Sriganganagar 
two irrigations at 30 and 70 days after sowing gave a response of aboul 
460 kg/ha. At Bhawanisagar (Tanlil Nadu) in sandy loam soil the crop 
suffered considerably when irrigation was delayed beyond 40 per cent deple- 
tion of available soil moisture being the lowest when irrigation was given at 
80 per cent depletion of available soil moisture. The best yield was obtained 
with irrigation at 40 per cent depletion of available moisture. At Garikii- 
padu (Andhra Pradesh) in red soil, the best yield was obtained with irrigation 
at 50 per cent depletion of available soil moisture and any delay in irrigation 
with further depletion in soil moisture resulted in significant decline in 
yield. 
It thus appears that two irrigations given at appropriate stage of 
crop growth or irrigation at 40-50 per cent depletion of available soil 
moisture proved highly beneficial for groundnut, while irrigation at  a less 
or more frequent intervals generally showed adverse effect on the yield of 
groundnut. 

TABLE 4.28 (Contd) - w 
-- 
a 
1 2 3 4 5 6 7 8 
Gujarat Medium Umrala 
Mack 
Mahara- Medium Akola 
shtn black 
Medium Akola 
black 
Rajrsthan Sandy 
loam 
Sultanpur 
Andbra Sandy Karirn- 
~ a d e ~ b  loam n a w  
'RS-I' 1964 
As per treat. 1970 
(12 varieties) 
lo (Control) 
I, (One irrigation) 
l2 (Two irrigations) 
lo (Control) 861 160 
1, (Irrigation 35 days after sowing) 926 
I, (Irrigation 70 days after sowing) 837 
I3 (Irrigation 35 and 70 days after sowing) 1032 
I, (Irrigation as and when required) 775 
I0 (Control) 1393 133 
I, (Irrigation 35 days after sowing) 1407 
I2 umgation 70 days after sowing) 1464 
I, (Irrigation 35 and 70 days after sowing) 1370 
I4 (Irrigation after every 21 days) 1450 
IS (Irrigation as and when required) 1324 
1, (&-sowing irrigation) 1277 2% 
I2 (I,  + imgation after 30 days) 1283 
I, (II t irrigation at flowering) 1692 
1, (I, + irrigation after 30 days + irrigation 
at flowering) 1746 
b (Control) 856 314 
I, (Irrigation 30 days after sowing) 718 
I2 (Irrigation 70 days after sowing) 1114 
I, (Two irrigations 30 and 70 days after sowing) 1312 
lo (Control) 584 135 
II (5 irrigations) 769 
TABL~ 4.28 (Contd) 
1 2 3 4 5 6 
Tamil Sandy Bhavani- 'TMV-2' 1968 I t  Farmer's method of giving irrigation o n a  
Nadu loam War in 7 days) 
I, (40 per cent depletion of available moisture) 
1, (60 per cent depletion of available moisture) 
1, (80 percent depletion of available moisture) 
Red sandy Tindi- 'TMV-2' 1963-64 1, (Irrigation every 7 days) 
loam vanam l r  (Irrigation ewry 10 days) 
I, (Irrigation every I2 days) 
I, (Irrigation every I5 days) 
Andhra Red sandy Garika- As per treat. 1966 It  (2 inigations) 
hdesh loam ~ a d u  I 7 varieties) 1, (4 irrigations) 
1, (6 irrigations) 
Tamil Red soil Bhavani- 'TMV-2' 1965 I t  (higation every 15 days) 
Nadu sagar I, (Irrigation every 10 days) 
Andhra Red Soil 
Pradesh 
Garika- 'AH-6279' 1971 
Padu 
I, (At 75 per cent depletion of n~oisture) 1188 293 
l2  (At 50 per cent depletion of moisrure) 1944 
1, (At 50 per cent depletion of moisture in P, and 
75 per cent depletion in Pz. P,) 1344 
I, (At 50 per cent depletion of moislurc In P, and 
75 per cent depletion in P,, P,) 1590 
I5 (At 50 per cent depletion of moisture in PI and 
75 per cent depletion in P I ,  P,, 1258 
I, (At 75 per cent depletion of moisture In P, and 
75 per cent depletion in PL. P:) 1615 
-- - 

SUMMARY AND CONCLUSIONS 
The groundnut (Arachis hypogaea L.) is the most important oilseed 
crop in India. It occupies two-fifths of the world's acreage and the ;ires 
has steadily increased from less than one lakh hectares in the beginning of 
the century to  more than 73 lakhs in 1975-76. However its yields have 
remained virtually stagnant. 
Gujarat, Karnataka, Tamil Nadu and Andlira Pradesh are the four 
largest groundnut-producing states in India, which contribute more than 
three-fourths of the entire production in the country. 
Most of the groundnut crop in India is rainfed though about 8 per cent 
area is irrigated. Most of the crop is grown in kharif but the yields ;ire 
higher in rabi. The scope for increasing groundnut yields is very large. 
Groundnut has hitherto been considered a crop of poor sandy soils 
and it has not been much fertilized or irrigated. In fact the technology of 
groundnut production under good management and with fertilizers ;~nd other 
imputs is rarely practised. 
The most important soils for groundnut production are red handy 
soils, sandy loam, alluvial, coastal alluvial, mixed rcd and black soils iind 
some laterite soils. It is also grown to a significant extent on medium 
black soils. The climatic zones 3 and 4 with short wet seasons ant1 long 
dry seasons and semi-arid to arid climate and with 20 to 40 and 40 to 60 
per cent moisture deficit are the important groundnut-growing regions in 
the country. Sorghum, millet, cotton and pulses are other common crops 
of these regions. A few typical important groundnut soils of India are 
described in this bulletin. 
The role of fertilizers in increasing yields of groundnut has giiincd 
recognition only in recent years. The yield responses to fertilizer application 
at experimental stations have been rather low but the responses on culti- 
vators' fields have shown spectacular differences. 
It is not only the responses to N, P and K but the responses to micro- 
nutrients, such as sulphur and calcium have also been observed. There is 
an ovenvhelming evidence of significant responses to zinc, boron and other 
micronutrients particularly in the sandy soils of Punjab and red sandy loams 
in Tamil Nadu, Karnataka and Gujarat. 
In the last two decades large number of trials on cultivators' fields 
have been done on this crop. This bulletin discusses the results of experi- 
ments conducted on cultivators' fields and leading experimental stations. 
These data have been obtained from the ICAR reports of the Co-ordinated 
Schemes and Compendia Volumes of National Index of Agricultural Field 
Experiments. 
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The results of experiments in cultivators' fields reported here pertain 
to the period 1958-59 to 1976-77. The results have been presented in 
different series according to the treatments and design adopted. 
Responses to ferilizers in different soils 
In the first series of experiments conducted during 1958-61, it was 
observed that application of N, P and K was beneficial in most of the soils, 
the response being particularly marked in the red and yellow soils and coastal 
alluvial soils. The average response to N22.4P33,6K33.6 was 531 kg/ha 
or 5.9 kg per kg nutrient. The results of second series of experiments con- 
ducted during 1962-66 showed that under irrigatcd conditions groundnut 
showed a good response to fertilizers in red loam and coastal alluvial soils, 
the response ratio for combined applications of N,,P,, was 13.8 kg per kg 
nutrient in red loamy soil and 7.1 kg in alluvial soils. In 170 experiments 
it was observed that N30P60 combination gave a response of 6.3 kg per kg 
nutrient in all the toils. N,,PIoK,, gavc an average response of 7.9 kg 
per kg nutrient. Under unirrigated conditions also, combined application 
of N and P showed a fairly high response. Response of more than 10 kg per 
kg nutrient in red and yellow coastal alluvial and laterite soils was obtained 
with NIoP2,. The average response in 436 experiments was 7.9 kg per kg 
nutrient. 
Fertilizers and varietal interactions 
In the third series (1967-70), the effect of fertilizers using high yielding/ 
improved varieties of groundnut was studied. The results of 243 experi- 
ments show that combined applications of N and P at  30 kg each gave 
higher response in improved varieties than the locals. A ratio of 16.5 kg 
per kg nutrient was obtained in coastal alluvial soil of Pondicherry. The 
variety 'SB-11' gave a response of more than 11 kg in medium black soil. 
Under rainfed conditions the varieties 'Punjab No. 1' and 'T-28' showed a 
high response to joint application of Nand P in red and yellow soil, the 
response to Nl0P2, was 28.4 and 16.5 kg per kg nutrient respectively. The 
response of other varieties was comparatively moderate. It may however be 
mentioned that the differences between different varieties were not very 
significant. 
Effect of combined application of N and P at higher levels was studied 
in the fourth series of trials (1970-72). The variety 'AK-12-24' showed a 
good response in red soil in Orissa while 'TMV-2' showed a high response to 
combined application of N and P only in mixed red and black soil in Kurnool 
(Andhra F'radesh). 
Respoaaeu to different levels of fertilizer rppllatlws 
In the next series of trials designed to study response of goundnut 
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t o  closely spaced levels of N and P, the varieties 'TMV-2' ;lnJ 'TMV.7' 
showed a good performance in red soil and mixed red and black soils. The 
response ratio was, however, moderate. 
Under irrigated conditions application of nitrogen gavc t l~c bcst rcs~llls 
in coastal alluvial soil followed by red soil. The response to phospllorus 
was the highest in coastal alluvial soil followed by alluvii~l and red soils 
whereas their joint application proved more beneficitll in red loam soil 
followed by coastal alluvial soil. Combined application of N. P itnd K 
showed a good response in red and coast:ll :illuviul soils. 
Under rainfed conditions the applicalion of nitrogen provcd beneficial 
in red and yellow, coastal alluvial and red loilrn soils and that of phosphorus 
in red and yellow soils whercas their joint application showed a good res- 
ponse in coastal alluvial and laterite soils. Combined application of N, p 
and K was better than that of N and P in deep black ; ~ n d  red and yellow 
soils. 
Economics of fertilizer-use 
On the economics of use of fertilizers on groundnut, the rcsults showed 
that under irrigated conditions, the optimum doses of N ;ttitl  P varied 
between 20-30 and 40-60 kg/ha respectively, the profit varying bctwcen 
200-800 per cent of the investment on fertilizer taking the price of ground- 
nut at Rs 2 per kg. Under rainfed conditions thc optimun~ doses of N and 
P generally varied between 25-30 and 20-40 kg/ha rcspectivcly, the profit 
varying between 140-860 per cent. 
Comparison of sources of N and P 
No difference was observed in the uptake of nitrogeri by groundnut 
when different sources of nitrogen were tried except in soils where sulphur 
was deficient. In the latter case ammonium sulphatc proved better. Simi- 
larly, different phosphorus carriers were also found equally cffectivc. 
Sobstitution of other oilseed crops 
The results of experiments conducted to study substitution of other 
oilseeds by groundnut showed that the income accruing from groutidnut 
was higher than other oilseeds in niost of the areas even with the present 
yield levels. 
Irrigation 
The results of experiments conducted at research stations to study 
effect of irrigation given at different moisture depletion levels showed that 
irrigation was beneficial a t  75 per cent depletion at Rahuri (Maharashtra) and 
with two irrigations at  Kholwad (Gujarat) in black soil. Pre-sowing irrigation 
and again at flowering gave a response of 400 kg/ha at Sultanpur (Rajasthan) 
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in sandy loam soil while two irrigations at 30 and 70 days after sowing gave 
a response of 460 kg/ha at  Sriganganagar. In red soil of Andhra Pradesh 
the best yield was obtained with irrigation at 50 per cent depletion of 
available soil moisture. 
Groundnut is generally grown in light-textured soils mostly on red 
sandy, red loamy, alluvial and coastal alluvial soils. Mixed black and red 
and medium black soils also have considerable area under this crop. 
Groundnut crop is fairly responsive to the application of moderate 
doses of fertilizers 20-30 kg N, 40-60 kg P,05 and 20-40 kg K20 in all 
the major soils. 
The remunerative responses are obtained under irrigated as well as 
rainfed conditions. 
Some varieties are more responsive than others but these differences 
are not of same magnitude as one finds in dwarf varieties of cereals. Really 
high-yielding and highly fertilizer-responsive varieties have not yet been 
developed. 
The groundnut crop benefits from balanced use of N, P and K. The 
responses to zinc, boron, calcium and sulphur are also not uncommon. 
There is no doubt that simply by balanced use of fertilizers alone, groundnut 
production in India can be increased considerably. 
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